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U S E D A B B R E V I A T I O N S / L U S T M E T A F K O R T I N G E N 
A ash / as 
c metabolizable energy (kcal) for 1 g protein deposition / beschik-
bare energie (kcal) nodig voor de aanzet van 1 g eiwit 
cm castrated raa\esjborgen 
d metabolizable energy (kcal) for 1 g fat deposition / beschikbare 
energie (kcal) nodig voor de aanzet van 1 g vet 
A change in a trait during a certain weight range or a time interval / 
verandering van een kenmerk over een bepaald gewichts- of tijds-
trajekt 
D gut fill / darminhoud 
DE digested energy / verteerde energie 
EB energy balance, energy retention, net energy for production / 
energiebalans 
ƒ females/ge/tew 
F fat / vet 
GE gross energy / bruto energie 
H water / water 
K ratio LBM to protein / LBM-eiwit verhouding 
kg3/* = W3/4 metabolic weight / metabolisch gewicht 
LBM lean body mass (bodyweight minus gut fill and fat) / levend ge-
wicht min darminhoud en vet 
LE empty bodyweight (bodyweight minus gut fill) / levend gewicht 
min darminhoud 
m males/beren 
M protein + water / eiwit + water 
ME metabolizable energy / beschikbare energie 
MEM metabolizable energy for maintenance / beschikbare energie nodig 
voor onderhoud 
MEP metabolizable energy for production / beschikbare energie voor 
productie 
N nitrogen / stikstof 
P protein / eiwit 
PI PW ratio protein to protein + water / eiwit-eiwit + water verhouding 
PWF protein + fat + water / eiwit + vet + water 
t age (days) / leeftijd (dagen) 
W bodyweight / levend gewicht 
1. I N T R O D U C T I O N 
The main aim of pig breeding is to produce meat with the différence between 
returns and costs as great as possible. The factors which determine this differ-
ence occur in three stages : costs of producing pigs for fattening, costs during 
the fattening period and the price received for the fattened pigs. 
The cost price of weaned pigs is determined mainly by the number of pigs 
weaned per litter. The suitability of these pigs for fattening is mainly determined 
by the factors body weight gain, feed conversion and carcase traits. With index 
selection all three factors can be improved simultanously (STANDAL, 1970; 
WHITE, 1970). HAZEL (1943) described the theoretical background needed to 
construct such an index. HAZEL and LUSH (1942) have shown that generally a 
simultaneous selection for various traits is most efficient when index selection 
is used. When using an index it is assumed that the genetic and phenotypic 
parameters are determined or known without error (cf. CUNNINGHAM, 1969; 
FOWLER et al., 1973). However the value of the phenotypic correlation coeffi-
cient between daily bodyweight gain and feed conversion ranges between -0.4 
and -0.9, according to OWEN and MORTON (1969). Also the values of the pheno-
typic correlation coefficient which are found between daily gain and carcase 
traits and between feed conversion and carcase traits range between -0.2 and 
0.2. These values have been found by FLOCK (1968), METZ and POLITIEK (1969) 
and WALSTRA (1974). 
It is obvious that the variation in the values found for these correlation 
coefficients is caused by genetic differences or differences in feeding level. 
Moreover it has been pointed out that the effects of housing and microclimate 
can be mainly related to differences in feeding level (KLEIBER, 1961 ; VERSTEGEN 
and VAN DER HEL, 1974). Furthermore these values of the phenotypic correla-
tion may differ because the chemical composition of prime cuts of the carcase 
may be different at the same weight of these cuts (VAN LOGTESTIJN, 1969). 
The significance of this chemical composition for the values of the correlation 
coefficients between daily gain, feed conversion and carcase traits becomes 
clear when fatty tissue and muscle tissue are considered. Deposition of fat will 
cost about 3 times more energy per gram than deposition of 1 g muscle tissue 
(mainly protein + water). Therefore if feeding level and chemical composition 
of the carcase are taken into account, there should be less variation in the values 
of correlation coefficients between the parameters connected with gain, feed 
conversion and carcase traits. 
KIELANOWSKI (1968) and FOWLER et al. (1973) concluded that the main aim 
of pig breeding is that from a given amount of feed the maximum of protein 
and the minimum of fat should be deposited. However also other traits should 
be included in the aim of breeding. Protein should not only be efficiently pro-
duced but should deposited in certain parts of the carcase and its relation to fat 
should be optimum. 
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The amount of protein deposited is important because of its relation to body-
weight gain on the one hand and the economics of bodyweight gain and amount 
of muscle tissue on the other. Fat deposition is of great importance because the 
correlation coefficient between intermuscular and intramuscular fat and back-
fat thickness is small (DUNIEC et al., 1961; SCHIERBAUM, 1961; JUST NIELSEN, 
1973). An unfavourable correlation exists between economics of daily body-
weight gain and fat deposition. KOTARBINSKA (1968) and VAN ES (1970) found 
that 1 g protein deposited increased the bodyweight by 4.3 and 3.6 g, respec-
tively. Bodyweight gain increased by 0.6 g when 1 g fat was deposited, according 
to VAN Es (1970). KIELANOWSKI (1966) investigated the change in feed conversion 
of the Danish Landrace pig between 1926 and 1963. He found that 75-80% of 
the change in feed conversion was caused by the increase of daily protein 
deposition. OSLAGE (1965) concluded from his experiments that protein deposi-
tion is directly related to the increase in weight of active body tissues e.g. muscle 
tissue. 
If protein and fat deposition are to be included in the aim of breeding then 
data about these traits must be collected by routine or simply calculated. In-
vestigations by KIELANOWSKI (1966), KOTARBINSKA (1969) and CLOSE (1970) 
with pigs and by VAN ES (1970) with veal calves showed that protein and fat 
deposition can be computed from daily bodyweight gain, bodyweight and feed 
intake. 
The purpose of this investigation was: 
- to find out how precisely protein and fat can be predicted from bodyweight 
gain, bodyweight and feed intake; 
- to study the variation in protein and fat deposition at restricted and ad libitum 
feeding and the relation between these traits, growth and carcase traits. 
These investigations were part of a project that was set up to study the rela-
tionship of gain, feed conversion and carcase traits with various slaughter 
weights of pigs fed ad libitum. 
Meded. Landbouwhogeschool Wageningen 74-18 (1974) 
2. L I T E R A T U R E 
In the literature there are many reports on protein and fat deposition in pigs. 
Some of the studies are based on data from chemical analysis of the empty 
body. But most of the studies deal with protein and fat deposition determined 
from energy and N balances. The calculation of the protein and fat from the 
gain and feeding level is in fact based on energy balance data. Therefore in this 
chapter aspects of the following topics will be reviewed : 
- energy metabolism in pigs; 
- the course in protein and fat deposition in relation to bodyweight; 
- methods to calculate protein and fat deposition. 
2.1. ENERGY METABOLISM IN THE PIG 
The feed given to a pig (gross energy = GE) is digested in the intestinal tract. 
The energy remaining after subtracting energy in the faeces is called apparently 
digested energy (DE). A small part of DE leaves the body with the urine or 
gases (about 3 % in pigs). The remainder is called metabolizable energy (ME). 
This ME is retained partly as protein and fat stored in the body and partly dis-
sipated as heat. Energy stored in protein and fat is called net energy for pro-
duction, energy retained or energy balance ( = EB). Part of the energy produced 
as heat originates from maintenance (maintaining homoiothermia, activity 
etc.) and from the production of protein and fat. The ratio between energy 
balance and metabolizable energy used for production is called efficiency. 
The partial efficiency for protein and fat deposition can be defined in the 
same way as the efficiency for EB. 
In Figure 2.1 the use of metabolizable energy as parameter of feed intake for 
a growing pig is given (cf. KIELANOWSKI, 1972). 
The data in this figure are given for a pig weighing 50 kg and gaining 700 g a 
day. Deposition of protein, fat and water are 120 g, 200 g and 380 g, respectively. 
According to KOTARBINSKA (1969), the maintenance requirement is assumed to 
be 100 kcal ME per kg3'* and per g protein and per g fat 16 and 13 kcal ME, 
respectively, are needed. 
VAN Es (1972) extensively reviewed about maintenance requirement in farm 
animals. Maintenance is defined as the amount of ME needed at zero level of 
production, when the animal is in energy equilibrium. In the literature the main-
tenance requirement in the zone of thermoneutrality has been estimated at 
70-120 kcal ME/kg3'4 (VAN ES, 1972)1. Maintenance requirement seems to 
decrease with increasing bodyweight. The estimations of maintenance in some 
investigations were in kcal ME/kg3'4; 108 (BREIREM, 1935), 123 (LUND, 1938), 
1
 Energy will be expressed in kcal. When converting into kJ: 1 kcal is 4.184 kJ. 
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FIG. 2.1. Energy balance of a growing pig. 
















104 (LUDVIGSEN and THORBEK, 1955), 123 (VERSTEGEN, 1971) (cit. VERSTEGEN 
et al., 1973), 109 (VERSTEGEN et al., 1973) and 103 to 112 (VERSTEGEN and VAN 
DER HEL, 1974). To calculate these maintenance requirements, the conversion 
of metabolizable energy for production (MEP) into production (EB) was as-
sumed to be 0.7. The efficiency for protein synthesis is considered to be less than 
that for fat synthesis. This is probably partly caused by protein turn-over in 
growing animals (VAN ES, 1974). According to BREIREM and HOMB (1972), the 
mean of the efficiency for protein synthesis is 0.44 and for fat synthesis 0.74. In 
growing animals, 60-85 % of the energy balance (EB) is fat and therefore ac-
cording to BREIREM and HOMB (1972) it is justifiable to use one efficiency figure 
for energy deposition. When animals are housed below thermoneutrality, the 
partial efficiency of extra M E is 1 (VERSTEGEN et al., 1973). From their investi-
gations they found the following equation for pigs housed at 8°C (below 
thermoneutrality) 
EB/kg3'4 = 0.994 ( ± 0.04) ME/kg3/* - 186.2 (± 12.4). 
2.2. DEPOSITION OF PROTEIN AND FAT IN GROWING PIGS 
2.2.1. Daily protein and fat deposition 
HÖRNICKE (1960) has extensively reviewed the studies on the relation between 
chemical composition and body weight published before 1960. After 1959 some 
more investigations on chemical composition of the carcase were done. The 
aim of these studies was to find suitable parameters for selection in pigs and to 
describe the functional relationships between carcase composition and change 
in body weight (HÖRNICKE, 1960; KOTARBINSKA, 1969). In addition the carcases 
of pigs were analysed chemically so that the results of energy and N balances 
could be better interpreted (e.g. OSLAGE 1962, 1963a, b, 1964; SCHIEMANN et al., 
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1962; KoTARBiNSKA and KIELANOWSKI, 1969; JUST NIELSEN, 1970). Also data 
about protein and fat deposition in growing pigs during respiration trials were 
collected by JUST NIELSEN (1970), THORBEK (1969), FARRIES et al. (1968) and 
others. 
In Figure 2.2 (HÖRNICKE, 1960) the changes in chemical composition in 
relation to bodyweight are given. This figure shows that the content of ash and 
protein hardly change with bodyweight. The changes in chemical composition 
with increasing bodyweight seem to be brought about mainly by the replace-
ment of water by fat. 
According to investigations made by LUND (1938), SMITH (cited by OSLAGE, 
1962), JESPERSEN (1952), FARRIES et al. (1968) and FULLER and BOYNE (1971), 
daily protein deposition increases in the first half of the fattening period and 
decreases in the second half. The first 3 authors mentioned found most daily 
protein deposited at 60-80 kg, while FARRIES et al. (1968) found that the highest 
protein was retained at 40-60 kg bodyweight. In the investigations reported by 
OSLAGE and FLIEGEL (1965), THORBEK (1969), HOMB (1972) and WENK and 
SCHÜRCH (1974), the protein synthesis is maximum at 40-60 kg. The deposition 
is then about constant up to 100-120 kg bodyweight. OSLAGE (1962) and 
PIATKOWSKI and JUNG (1966) found a continuous increase in protein deposition 
between 30 and 110 kg bodyweight. LUDVIGSEN and THORBEK (1955) and JUST 
NIELSEN (1970) found a constant increase in protein deposition in females, and 
FARRIES and KALLWEIT (1969) showed the same in males. OSLAGE (1962), 
FARRIES et al. (1968) and GÄDEKEN (1971) state that the change in protein de-
position over the last decades has been caused by selection for increase in body-
weight and muscle gain. According to OSLAGE (1965), this selection has led to 
a pig which matures later so that the decrease of growth-intensity is reduced 
and therefore the decrease in protein deposition occurs at a higher bodyweight. 
This theory can also explain the results obtained by FARRIES et al. (1968) with 
the Piétrain pigs. This breed matures earlier than the breeds used in the other 
80 100 120 
Weight (kg) 
FIG. 2.2. Chemical composition of pigs at different weights. 
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studies. The Piétrain is a meat-type pig whose daily bodyweight gain decreases 
from about 60 kg onwards because of a low feed intake. The moment, at which 
the daily protein deposition is highest also depends on sex. This point is reached 
at a lower weight in castrated males than in females. Daily protein deposition 
is highest in males and goes on to a higher bodyweight (LUDVIGSEN and THOR-
BEK, 1955; FARRIES and KALLWEIT, 1969; JUST NIELSEN, 1970; PEDERSEN, 1973). 
Fat deposition continues to increase from 100 g at 20-25 kg bodyweight, 
to 300-400 g at 100-120 kg bodyweight (OSLAGE, 1962; OSLAGE and FLIEGEL, 
1965; KOTARBINSKA, 1968; THORBEK, 1969; JUST NIELSEN, 1970). The increase 
in fat deposition depends on feeding level. The relation between the protein and 
fat deposition, and bodyweight for data found in the literature is given in 
Figure 2.3. 
The differences in the protein and fat deposition in relation to bodyweight 
Protein/day (g) 
1 3 0 - , PIATK0WSKI and JUNG(1966) i t 
— FARRIES rt A. (i968) 4 4 
THORBEK H969) % % 
JUSTNIELSEN(1970) t% 










THORBEK(1969) f t 
J U S T NIELSEN(1970)Î $ 
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FIG. 2.3. Daily protein and fat deposition in relation to weight. 
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are clearly illustrated by the increase of the energy balance during the fattening 
period. From the results of energy and N balances, it is clear that the increase 
in energy balance from 500-1000 kcal at 25 kg to 3000-4000 kcal at 100 kg can 
almost completely be attributed to the increase in fat deposition (THORBEK, 
1969; JUST NIELSEN, 1970; WENK and SCHÜRCH, 1974). 
2.2.2. Factors influencing protein and fat deposition 
2.2.2.1. Breed 
A number of investigators have studied the differences in protein and fat 
deposition between breeds, and especially at about 100 kg bodyweight (SCHMIDT 
et al., 1933; PIATKOWSKI and JUNG, 1966; FARRIES et al., 1968; FARRIES and 
ANGELOWA, 1968), 
SCHMIDT et al. (1933) found that pigs at 100 kg and 150 kg bodyweight and 
belonging to Improved German Landrace and German Yorkshire, had a 
highter N content then Berkshire and 'Weideschwein' pigs. Fat deposition in-
creased for every 2 breeds by 2 -3 % in the order: Improved German Landrace, 
German Yorkshire, Berkshire and 'Weideschwein'. Fat content at 100 kg body-
weight ranged between 33.7% in Improved German Landrace and 50.3% in 
the 'Weideschwein' pigs. PIATKOWSKI and JUNG (1966) investigated Improved 
German Landrace, British Landrace and crosses between German and Swedish 
Landraces and did not find differences in protein deposition. 
In Piétrains, FARRIES and ANGELOWA (1968) found a different pattern of 
daily protein deposition than in other breeds. According to FARRIES et al. 
(1968), Piétrain pigs have a higher protein deposition in the first part of the 
fattening period than Landrace pigs, and a lower protein deposition in the 
second part of the fattening period. FARRIES and ANGELOWA (1968) studied 
wild pigs (males), Improved German Landrace (castrated males) and crosses 
between these two breeds (castrated males). They found that at 40 kg body-
weight the irretention for the three genotypes was 0.27, 0.35 and 0.34 g per kg 
bodyweight, respectively. 
As a result of all investigations mentioned in this section GÄDEKEN (1971) 
concluded that hardly any differences in N retention exist between white-
skinned meat-type pigs. 
2.2.2.2. Sex 
It is generally known that the daily protein and fat deposition of males, 
castrated males, and females differ (LUDVIGSEN and THORBEK, 1955; PIAT-
KOWSKI and JUNG, 1966; KOTARBINSKA, 1968; JUST NIELSEN, 1970; PEDERSEN, 
1973). LUDVIGSEN and THORBEK (1955) found that the TV balance in females was 
on average 4 g higher than in castrated males in the weight range 20-90 kg. 
JUST NIELSEN (1970) did not find significant differences in N balances between 
castrated males and females up to 40 kg liveweight. From 40 kg onwards he 
noticed a higher increase in N balance in females than in castrated males. At 85 
kg liveweight the females retained 4 g more N per day than the castrated males. 
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This result agrees with those obtained with males and castrated males by 
FARRIES and KALLWEIT (1969). Up to 50 kg only small differences were found 
between males and castrated males. At 95 kg the males retained 185 g protein 
and the castrated males about 120 g. PIATKOWSKI and JUNG (1966), however, 
found that the differences between males, females and castrated males with 
respect to N balnces were equidistant during the whole fattening period. 
On the basis of these investigations, GÄDEKEN (1971) concluded that males 
retain about 28 % more protein per day than castrated males and that males 
retain 15% more protein per day than females. The fat deposition was highest 
in castrated males, then in females and then in males. According to PALLSON 
(1955) (cited by PIATKOWSKI and JUNG, 1966), these differences exist because 
castrated males and females are somatically mature at a younger age than 
males, so that gain in muscle and bone tissue starts to decrease at an earlier 
age. Consequently fat gain will increase more and earlier in these pigs. 
2.2.2.3. Ind iv idua l v a r i a t i o n 
Pigs of the same age and the same feeding level show differences in daily 
protein deposition, e.g. 95 to 140 g per day (THORBEK, 1969). OSLAGE et al. 
(1966) working with 7 pigs of 90-100 kg, found a protein deposition range 
between 93 and 117 g. In the weight range 100-110 kg these pigs deposited 89 
to 122 g protein. There is some indication that the variation in N balance in-
creases with increasing bodyweight. JUST NIELSEN (1970) measured protein 
retention in 40 females and 40 castrated males from 25 to 85 kg bodyweight 
onwards. It was computed that in females the standard deviation in daily pro-
tein deposition (g/day) increased from 5.76 to 18.99, whereas in castrated males 
this standard deviation increased from 6.19 to 16.85. Especially from 50 kg 
onwards the standard deviation increased. When based on the chemical com-
position of the empty body, the standard deviation of protein deposition was 
7.14 g at 85 kg bodyweight (mean deposition of protein 95.98 g). Fat deposition 
determined from chemical analysis of the empty body was 131.13 g per day 
(standard deviation 22.53 g). 
No data on heritability of protein and fat deposition in pigs are known. 
2.2.2.4. Feeding level 
KIELANOWSKI (1972) reviewed protein requirements of growing pigs. He con-
cluded that protein deposition will increase with feeding to a certain level. 
Above that feeding level protein deposition does not increase. Therefore the 
feed above this level will be used only for fat deposition. This conclusion of 
KIELANOWSKI is supported by WENK and SCHÜRCH (1974) and also by JUST 
NIELSEN (1973), who found that differences in feeding level did not influence 
muscle content of the carcase at the same weight. However FULLER and BOYNE 
(1971) found an increase in N balance with increasing feeding level at different 
environmental temperatures. About the same increase in N balance with in-
crease of feeding level was found by VERSTEGEN et al. (1973), i.e. 9.95 mg N/g 
feed when the feeding level was 39, 45 or 52 g/kg bodyweight per day. Also 
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ÖSLAGE (1963b) found that N balance varied with feeding level. In his investiga-
tion feeding was decreased by 10 or 20% when 60 kg liveweight was reached. 
In the weight range 90-110 kg, N balance was parallel with feeding level. 
PEDERSEN (1973) compared the effect of feed restriction and protein level in 5 
groups of pigs. One control group was fed according to weight up to 120 kg 
(slaughter weight). The other 4 groups received the same diet up to 80 kg live-
weight. Then they received one of two protein levels in the diet: two groups 
were fed 18% less energy than the control and two groups 29% less than the 
control. In the control group there was no decrease in protein deposition. All 
four experimental groups deposited less protein in the weight range 110-120 kg 
than the control group, 10 and 20 g ( = 25 %) less, respectively. Variation of 
protein level in the diet had no influence. 
The effects of feeding level on fat deposition are very clear. All investigations 
showed an increase in fat deposition with increasing feeding level. When pigs 
of 60 kg received 10 or 20% less feed, the fat deposition in the weight range 
90-110 kg was 294 and 262 g/day, respectively, compared with 308 in the con-
trol group (OSLAGE, 1963b). In the previously mentioned study of PEDERSEN, 
the restrictedly fed pigs deposited 204 or 159 g fat compard with 270 g in the 
controls in the weight range 110-120 kg. These results agree with those reported 
by BREIREM (1935), JUST NIELSEN (1973), VERSTEGEN et al. (1973) and WENK and 
SCHÜRCH (1974). JUST NIELSEN (1970) and VERSTEGEN (1970) reported that 
young growing pigs may still have positive N balances when body fat is mobi-
lized for maintenance. 
In feeding experiments, DAVIES and LUCAS (1972a, b) found that the relation 
between feed above maintenance and bodyweight gain was non-linear, also the 
relation between that feed and lean-tissue was non-linear. ELSLEY et al. (1964) 
concluded from the literature and from analysis of the results of MCMEEKAN 
(1940), that there is no evidence for the influence of feeding level on the ratio of 
muscle to bone in the carcase. This also shows that fat deposition is much more 
related to feeding level than protein deposition. 
2.2.2.5. Ambien t t e m p e r a t u r e a n d hous ing c o n d i t i o n s 
From the previous section and from a review of FOWLER and LIVINGSTONE 
(1972), it can be expected that temperatures below the zone of thermoneutrality 
cause a reduction in fat deposition. Part of the metabolizable energy used for 
production will then be used for extra thermoregulatory heat production and 
this will cause a rise in maintenance requirement. Results from energy and N 
balances showed that at least during a relatively short time of exposure to cold 
(less than 3 weeks), protein deposition was not influenced (VERSTEGEN, 1970; 
VERSTEGEN et al., 1973). Also GRAY and MCCRACKEN (1974) demonstrated that 
protein deposition did not vary with temperature. In all these studies, fat gain 
varied proportionally with the metabolizable energy available for production 
after subtraction of extra thermoregulatory heat production. A small reduction 
in protein deposition together with a much greater reduction of fat deposition 
in the cold were found by PIATKOWSKI (1958), CLOSE (1970) and FULLER and 
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BOYNE (1971). S0RENSEN (1962) pointed out that pigs in the cold were fatter 
than pigs at normal temperatures. This conclusion was based on measurement 
of backfat thickness. Low temperatures can influence the carcase measure-
ments and they may also cause a 'shift' of fat to the outer tissues of the body 
(VAN DER HEL and VERSTEGEN, 1969; TEN BRINKE, 1971; KUIPERS et al., 1973). 
According to VERSTEGEN (1972), the differences in effects of cold on protein 
deposition might be explained by differences in length of exposure to low tem-
peratures. The studies which showed a clear reduction in protein deposition 
had relatively longer treatment periods (SORENSEN, 1962). 
The type of housing may also influence the thermoneutral zone and thus 
protein deposition and carcase measurements (VERSTEGEN et al., 1973 and 1974). 
VERSTEGEN et al. (1974) found that pigs of about 40 kg liveweight, restrictedly 
fed according to bodyweight (about 75 % of ad libitum, CVB, 1965) and housed 
in groups on straw, asphalt or concrete slats had different effective critical tem-
peratures (lower border of thermoneutrality). On straw, asphalt and concrete 
slats 11.7°C, 14.8 °C and 19.2°C were the respective, effective critical tempera-
tures. Thus the effective critical temperature is determined by feeding level, 
bodyweight and housing conditions. 
When the temperature rises above a destinate value, feed intake at ad libitum 
conditions will decrease and thus also the metabolizable energy available for 
production (KLEIBER, 1961; HOLMES, 1973; GRAY and MCCRACKEN, 1974). 
Apart from the reduction in fat and protein due to the lower feed intake, there 
was also found a reduction in energy balance; HOLMES (1973) and GRAY and 
MCCRACKEN (1974) found that heat production was higher at 29 °C than at 
25 °C. This result means that 29 °C is above the zone of thermoneutrality. GRAY 
and MCCRACKEN (1974) found a reduction of protein deposition at 29 °C com-
pared with 25 °C. The same effects were noticed by HOLMES (1973), who reported 
that at 33 °-35°C compared with 25 °C fat deposition had increased and protein 
deposition decreased. 
2.3. METHODS TO CALCULATE PROTEIN AND FAT DEPOSITION 
Various authors (KIELANOWSKI, 1966; KOTARBINSKA, 1969; CLOSE, 1970) 
have constructed models with which protein and fat deposition can be calculated 
from bodyweight gain, bodyweight and feed intake. The models are based on 
the use of all metabolizable energy for maintenance, and protein and fat deposi-
tion. It has been assumed that maintenance requirement does not change with 
bodyweight gam, also that the cost of synthesis of protein and fat are constant 
throughout the growth period. 
2.3.1. Method of KIELANOWSKI and KOTARBINSKA (MEK model) 
M ? ! ! T t f d e f i n e S b o d y w e i ê h t ë*m as gain in liveweight minus gut fill. 
cording to e n e r g y 1S U S e d for m a i n t e n a n c e ' P r o t e i n a n d fat deposition ac-
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ME=MEM + cAP+dAF 2.1 
Fat gain is defined as 
AF = ALE - ALBM 2.2 
The coefficients c and d were computed by regression of ME intake on protein 
(P) and fat (F) in the carcase. The last components were obtained from chemical 
analysis of the empty body. KIELANOWSKI (1966) assumed furthermore that the 
relation between lean body-mass (LBM) and protein (P) was linear {LBM = 
K x P). KOTARBINSKA (1969), however, estimated ALBM from a non-linear 
relation between LBM and P {LBM = K x Ph). ALE is found from the relation 
between LE and bodyweight (W). By substituting Eqn. 2.2 in Eqn. 2.1 and 
replacing A P by P-P0 KIELANOWSKI obtained the equation 
ME = MEM + c (P~P0) + d {ALE - K(P-P0)} 2.3 
and 
d ALE + (dK-c)P0 - {ME - MEM) 
{dK-c) 2.4 
In these equations P is the amount of protein in the empty body. Protein deposi-
tion in the experimental period {P—P0) then equals 
d ALE - {ME - MEM) 
AP = — ' , 2.5 
{dK—c) 
Substituting KOTARBINSKA'S equation, LBM = K x Ph into Eqn. 2.1 gives 
ME = MEM + c {P-P0) + d {ALE - KP" + KP0") 2.6 
and 
dKP" -cP= {dALE + dKPJ1 - cP0) - {ME - MEM) 2.7 
In Eqn. 2.7, P is the only unknown and KOTARBINSKA proposed to substitute 
A' for the therms on the right. By substituting all reasonable values for P at a 
certain weight of the pig, A' can be solved. Then one can find an equation which 
describes In P as a function of A'. In a general sense the solution of Eqn. 2.7 is 
lnP = bln {{dALE + dKPJ1 - cP0) - {ME - MEM)} + constant 2.8 
As c, d, h, K and P0 are constant, the amount of protein {P) can be considered 
as a function of ALE and metabolizable energy for production {ME — MEM). 
Protein deposition can then be calculated from Eqn. 2.8 as P—P„ and expressed 
either per day or per experimental period. If P is known, then fat deposition 
{AF) can be derived from Eqn. 2.1. It is also possible to calculate AF by sub-
stituting {ALE — AF)/K for P—P0 (KIELANOWSKI, 1966). This gives 
ME = MEM + c {{ALE - AF)/K} + dAF 2.9 
and it follows that 
K{ME- MEM)-cALE 
AF=— — — = 2.10 
dK— c 
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2.3.2. Method of CLOSE (EBC model) 
CLOSE (1970) calculated protein and fat deposition from bodyweight gain 
and energy balance. He defined bodyweight gain as 
AW = AH+AP + AF + AA + AD 2.11 
and 
EB = 5.7 AP + 9.46 AF 2.12 
Furthermore, he assumed on the basis of literature data that A A (ash) and AD 
(gut fill) together were 10% of bodyweight gain. He also assumed that the 
value of AP/(AP + AH) ( = protein to protein + water) is 0.21. If protein and 
water are replaced by AM, then AP + AH = AM. 
Hence protein and fat deposition can be calculated from Eqns. 2.11 and 2.12 
as 
AF = 0.9 A W - AM 2.13 
Moreover 
EB = 5.7 x 0.21 AM + 9.46 (0.9 AW- AM) 2.14 
and 
AM = (-EB + 8.514 A 00/8.263 2.15 
then 
AP = 0.21 AM 2 16 
and substituting AP in Eqn. 2.12 gives AF. 
2.3.3. Method of KIELANOWSKI and KOTARBINSKA on the basis of EB (EBK 
model) J v 
When the method of KIELANOWSKI (1966) and KOTARBINSKA (1969) is used, 
the lat and protein deposition can be calculated from Eqns. 2.12 and 2.2 by 
using net energy. 
ALBM can be replaced by KAP and Eqn. 2.2 substituted in Eqn. 2.12 gives 
AP = 5.7 AP + 9.46 (ALE - KAP) 2.17 
It follows that 
AP = (EB-9.46 ALE)/(5J-9A6K) 2.18 
From AP and Eqn. 2.12 fat deposition can be derived. 
2.3.4. Differences between the three methods 
m e y i t h t , m e t h 0 d S ° f K l E L A N O W S K I (1966) and KOTARBINSKA (1969), the 
T n e r t I f "V? ^ f b y t h e p i g S i s U s e d ' w h i l e CLOSE (1970) used net 
S e n ^ T 1 ? nn oiff} ' M ° r e ° V e r t h e ^ w e i g h t gain is described in a 
and h e V T , £ 1 9 7 0 ) U 8 e d ^ body™^ gain V ) as parameter 
method, o f 1 r e , S e r h T k C r S USed e m p t y b°dyweight gain (ALE). All three 
ämf Ko™ i } ^ K I E L A N ° W S K I (1966) considered this ratio as a con-
T£^S^maämd the rati0 protein to LBM to decrease 
12 
Meded. Landbouwhogeschool Wageningen 74-18 (1974) 
3. P R E C I S O N OF T H E C A L C U L A T I O N OF D A I L Y 
P R O T E I N A N D F A T D E P O S I T I O N 
3.1. MATERIAL AND METHODS 
3.1.1. Material 
In the literature some investigators have given detailed reports of studies on 
protein and fat deposition in pigs. Their data were compared with daily protein 
and fat deposition calculated from their results for bodyweight gain and feed 
intake. The data which were used to study the precision of the prediction of 
protein and fat deposition, consisted of: 
- data on chemical composition of homogenized pigs ; 
- data from energy and N balance trials. 
3.1.1.1. D a t a on chemical c o m p o s i t i o n of homogen ized pigs 
Data of SCHMIDT et al. (1931 and 1933), OSLAGE (1962, 1963a, b, 1964), 
KOTARBINSKA (1969) and JUST NIELSEN (1970) were used to calculate the rela-
tion between protein, water, fat, ash and gut fill and the bodyweight. 
SCHMIDT et al. (1931 and 1933) used pigs of 6 breeds or crossbreds (Table 3.1). 
The pigs were fed according to liveweight and the amount of feed was adjusted 
per day. The housing and management conditions were the same for all pigs. 
The pigs were slaughtered at 30 kg, 100 kg or 150 kg bodyweight. The aim of 
the study was to find a reliable reference for comparison of dissection results and 
judgement of carcases. Weight and slaughtering were done after 36 h of fasting. 
After slaughtering, a sample, each of 17 fractions of the empty body was analy-
sed chemically, i.e. blood, bristles, viscera, leaf fat, offal, bones, subcutaneous 
fat, skin, feet and ears, and meat or bonemeat in ham, shoulder and belly, 
eye muscle and head. 
OSLAGE (1962, 1963a, b, 1964) used 162 Improved German Landrace pigs 
in an extensive study on the change of carcase composition with increasing 
TABLE 3.1. Numbers of pigs per breed and per slaughter weight after the data of SCHMIDT et al. 
(1931 and 1933). 
Breed Weight at slaughter (kg) 
30 100 150 
German Yorkshire 2 13 4 
Improved German Landrace 2 9 6 
Berkshire 2 10 4 
'Weideschwein' 2 4 5 
Middle White - . 2 -
Berkshire x Middle White - 4 -
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bodyweight. The influence of feeding on carcase composition was also part of 
this study. The pigs were slaughtered before the morning feed at a liveweight 
of 25 kg, 40 kg, 60 kg, 90 kg or 110 kg, respectively, and 18, 18, 22, 30 and 74 
pigs were analysed at each slaughter weight. 119 pigs were fed to appetite during 
the whole fattening period. All the other pigs in this study were fed to appetite 
during one part of the fattening period, and during the other the amount of 
feed was restricted. 13 pigs were fed 10% less and 12 20% less from 60 kg on-
wards. Moreover 10 pigs received 10% less in the weight range 20-40 kg and 8 
20% less in the weight range 20-60 kg. Before the analyses the empty body of 
the pigs was divided in: meat, bones, viscera, bristles, blood and offal. 
KOTARBINSKA (1969) collected data from 317 Polish Large White pigs 
ranging from 2.5 to 98.2 kg. The pigs had been previously used for balance 
trials. The feeding scheme was according to days on test (KIELAOWSKI, 1968). 
Pigs of 30 kg liveweight or less were homogenized completely after bleeding 
and then analysed for chemical composition. If the pigs were heavier than 30 kg, 
the empty body was analysed in three sections, i.e. bristles, blood and viscera, 
and one half of the carcase. This last part was sometimes divided into edible 
and non-edible parts. 
JUST NIELSEN (1970) collected data from 80 Danish Landrace pigs (40 
castrated males and 40 females). He used these pigs to study the feeding value 
of U.S.A. barley in concentrates for growing pigs. The pigs were fed individual-
ly according to liveweight and the amount of feed was adjusted daily. When the 
pigs weighed about 90 kg they were slaughtered. The empty body of the pigs 
was divided into: meat, subcutaneous fat, skin, bones, blood, bristles, and 
viscera. The variation m chemical composition of blood and bristles between 
the pigs was very small. Therefore these parts were only analysed in 16 pigs. 
tor the other pigs he used constant values. 
3.1.1.2. Da ta from energy and N ba lances 
Besides the data on composition of the empty body, data from energy and N 
balances were used for the calculation of protein and fat gain. The data ob-
tained from ME mtake, bodyweight and bodyweight gain from these trials 
I T . ? , £ ? T r e P r e d i C t e d P r 0 t d n a n d f a t deposition with protein and fat 
T Zr Ä T W e r C a n a I y S C d f r 0 m t r i a l s P u b l i s h e d fey B * ™ * (1935), 
n 9 7 n l . v L U D V I G S E N afd T H O R B E K (1955)> JUST NIELSEN (1970), VERSTEGEN 
were done ^ T K * ^ ( 1 9 7 3 ) ' M i n v e s t ^ t i o n s , apart from the last two, 
TEN'S
 d a t a L t h ^ T " °! P h y s i ° l 0 g y fa C o P ^ a g e n . With JUST NIEL-
niaueUnd e n Ï Ï H ^ 7 ' ^ ^ a n a l y s e S ( c o ^ r a t i v e slaughter tech-
kcTed b f B R E S I T ! Q ^ f""068 - C ° U l d b e C O m P a r e d - T h e ME «»tents col-
w e c o r J t e d T ( ^ ^T °938) "* L U D V I G S E N a n d T H O R B E K (1955> 
Issumed th! I ? a n 7ZTà m C t h a n e P r ° d u C t i o n ^STEGEN, 1971). It was 
Srnt le L l^H v ,kS methane WaS °-5 % of S r o s s e n e 'gy and hat this percentage increased linearly to 1 % of gross energy in
 p i g s 0f 100 ke or more 
H^lïïSS*™?935* W e r e d ° n e i n two - r i L t S J e s wTh a 
high and a low protein content were compared. The aim of his study was to find 
14 . . , , 
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Standards for the feed requirements (on energy basis) of bacon pigs. He used in 
total 11 pigs, and they were fed from 20 to 100 kg. During the fattening period 
a number of balance experiments were done. Each experiment consisted of a 
preliminary period of 10-19 days and a collecting period of 8-10 days. The 
pigs were fed twice a day and weighed twice a week before the morning feed. 
Feed intake was according to weight. For each pig, 1 to 6 energy balance ex-
periments were done, and altogether 43 balance experiments were reported. 
The weight of the pigs was determined from the two weighings by linear inter-
polation. 
LUND (1938) collected data in a study about the influence of avitaminose A 
on the energy balances of pigs. 44 pigs were used in the trial and with 21 of 
these pigs 1 to 4 balance experiments were done. The system of feeding and 
housing was the same as in BREIREM'S (1935) investigations. From LUND'S 
results data of 57 experiments were used. Vitamin A had no influence on protein 
deposition, energy metabolism and use of energy. Feed intake, however, was 
depressed in the group with low Vitamin A intake. The bodyweight gain in that 
group was not as regular as in the group with normal Vitamin A. 
LUDVIGSEN and THORBEK (1955) carried out some energy balances to study 
the effect of Aureomycin in the feed. N balance was not influenced by Aureo-
mycin. Digestability of dry matter, and C and N balances were determined in 6 
main periods per pig. The preliminary period was 9 days and the main period 
lasted 7 days. Gaseous exchange was determined during the second and the last 
days of the main period. In the same way as in the previous studies from Copen-
hagen, the weight was estimated by linear interpolation between the two weigh-
ings. All 8 pigs were fed individually according to the scheme of BREIREM (1935) 
and LUND (1938). In the preliminary period and also in the main period the 
amount of feed was constant. In the periods between the trials (5 days) the 
amount of feed was adjusted. Data of 44 energy and N balances could be used. 
One pig had to be discarded and another one could no longer be used after the 
4th experimental period. 
JUST NIELSEN (1970) used the 80 pigs, that were used for chemical analysis of 
the empty body, for the energy and N balance trials as well. 
All pigs were fed individually and the amount of feed was adjusted daily. The 
weight range from 20 to 90 kg was split up into 6 periods of 18 or 19 days. In 
each period the total collecting period lasted 7 days. Gaseous exchange was 
determined on the 4th collection day. In the same way as in the other Danish 
investigations, weight was determined from the weighings of bodyweight and 
linear interpolations in between. Thus 480 energy and N balances were done. 
From data supplied by JUST NIELSEN in 1973 (personal communication), the 
feed intake on each day of the trials could be calculated. From all weights (in-
cluding that collected in the preliminary periods) a curvilinear growth curve has 
been computed (cubic curve). The bodyweight at each day was computed from 
interpolation with this curve. 
VERSTEGEN (1971) published data from a study about the influence of am-
bient temperature on energy metabolism of pigs housed individually and in 
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groups. Only data obtained in the zone of thermoneutrality have been used for 
the present investigations. The pigs (Dutch Landrace) were fed restricted ac-
cording to standards of CENTRAAL VEEVOEDERBUREAU (1965). The amount of 
feed was adjusted according to expected liveweight. The pigs were weighed once 
a week at a fixed time of the day. If this was not possible the weight was cor-
rected^  accordingly. Energy and TV balances were determined for two related pigs 
placed m one respiration chamber; each pig was placed in a metabolism cage. 
Balance experiments lasted 5-7 days. The shortest period for the heaviest 
pigs Heat production was obtained from gaseous exchange, which was mea-
sured every two days. Total heat production was divided between the two pigs 
in one respiration chamber according to metabolic weight. Data of 37 pigs were 
used for the present study. The weight of the pigs ranged from 19.5 to 98.0 kg. 
VERSTEGEN et al. (1973) also studied the influence of ambient temperature on 
^JZ' ^ 7 a n d ^ b a l a n < * in Pigs fed at various feeding levels. Only data 
TlrZi of f 7 e r 7 S e ? f ° r t hC P r C S e n t inv**igation. The pigs used were 
I t e r 3 P w L v t T a r H-01"68 ^ ^ ^ T h e ™ W e r e P« * t h e « t r i -meter 3 weeks The feeding level was 39 or 45 g of feed/kg liveweight per day 
IctXTf 6d25t ! ? , 3 0 k g a t t h e Star t ° f t h e eXPer iments- *«* 'a* ad U S 
wTk S / X P J1VeWeight- T h e b o u g h t was determined 3 times a 
Heat ' losstrP e n m e n iCrS 1 S t e d ° f ? C°1IeCt i0n Pe r iods o f t w° or three days. 
28: e n Z Z T u T ^ * * ^ Si"k calor™eter. In this way data of 
28 energy and TV balances from a group of 4 pigs were available. 
3.1.2. Methods 
3AFr'LTu a t ! ° n ° f / ^ a n d e n ^ g y balance (£10 
MEZI L U\S * haS bCen aSSUmed t h a t t h e efficiency of conversion of 
a^HoMB 9m T ^ ^ ° J < B L ™ ' ^ 6 8 ; VERSTEGEN, 1971; BRE,REM 
SÄaSo?- T h e n Cnergy baIanCC WaS C 0 « d -cording to't the fol-
EB = 0.7 (ME - MEM) 
^ ^ w S ^ n ^ Z t " * ' was tested by analysing the 
NrELSEN (1970), VERSTEGEN n 97 2 ^ U D V I G S E N a n d T H O R B E K (1955), JUST 
the maintenance n S S ^ ^ l ^ / f 8 ™ 0 ™ " 6 1 aL (1973>' I n t h e analys is 
in steps of 10 MorZTT, 2 T *f**™* f r ° m 70 t o I 4 0 k c a l " W 4 ' 
requirement ^ ^ b f Ä ^ l T 0 ? f*«»*** «n maintenance 
shows that independent of7L I * a r e glVen in T a b l e 3-2- Table 3.2 
good ^ r a ^ t ^ l Z y Z Z i m a i n t T n C e r e q U i r e m e n t ' t h e r e is a 
MEP. Of course, these values S , , ? ^ b y t h e a u t h o r s a n d e s t i m a t e d 
those obtained S M Z ^ Z T ^ ™ T ^ ^ W O U M b e i d e n t i c a l with 
^ om EB and the estimated net energy for production. The 
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TABLE 3.2. Values of correlation coefficients between EB (found) and MEP (calculated). 
Data *EB.MEP 
BREIREM (1935) 0.971-0.984 
LUND (1938) 0.947-0.963 
LUDVIGSEN and THORBEK (1955) 0.984-0.988 
JUST NIELSEN (1970) 0.982-0.984 
VERSTEGEN (1971) 0.932-0.962 
VERSTEGEN et al. (1973) 0.949-0.955 
analysis showed that reducing the maintenance per kg3'4 by increasing body-
weight decreased the values of correlation coefficients when the maintenance 
was assumed to be lower than 110 to 120 kcal ME/kg31*. If maintenance was 
assumed to be 130 or 140 kcal M E/kg3'* then subtracting a factor for increasing 
body weight increased the values of correlation coefficients. 
3.1.2.2. R e l a t i o n be tween pro te in , water, fat, ash, gut fill, and 
bodyweigh t 
To study the relation between protein, water, fat, ash and gut fill (y) with 
bodyweight (x), some data given in the literature were analysed. These data 
were given by SCHMIDT et al. (1931 and 1933), OSLAGE (1962, 1963a, b, 1964), 
KOTARBINSKA (1969) and JUST NIELSEN (1970). For the analysis two types of 
equations were used : 
- linear equation: y = a'x + b' 
- allometric equation : y = c'xâ' 
According to HUXLEY (1932), the allometric equation is very suitable for the 
description of growth of tissues or parts of the animal body in relation to body-
weight. The allometric equation can be rewritten as : 
In y = In c' + d' In x 
The data according to these equations were analysed for each investigation and 
for the 4 investigations together. 
Table 3.3 shows the goodness of fit of these equations when protein, water, 
fat, ash and gut fill were related to bodyweight or In bodyweight. Except for 
JUST NIELSEN'S data, the allometric equation gave a better goodness of fit than 
the linear equation. Probably the goodness of fit in JUST NIELSEN'S data is 
lower, because in his data the variation in bodyweight is less than in the other 
investigations. The residual variation in the data of SCHMIDT et al. (1931 and 
1933) was higher than in OSLAGE'S and KOTARBINSKA'S data. The data, how-
ever, are obtained from different breeds, each with a different growth curve, so 
that in the analysis of all data this may have increased the residual variation. 
The magnitude of the residual variation in the data of all 4 investigations shows 
that the different components of the growth vary much more with time than 
the variation among animals of the same weight. 
To test the models derived in Section 2.3, the equations were computed from 
4 sets of data because the weight range of the total data was wider than for a 
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TABLE 3.3. Equations and residual variance ( %) for the linear and allometric relations between 
protein, water, ash, gut fill and fat, and body weight. 
Data 
Number of pigs 
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= 0.176 x W°-95i 
= 6.177 + 0.415 x 
= 1.030 x Woa36 
= 0.238 + 0.023 x 
= 0.037 x fV0921 
= 0.916 + 0.049 x 
= 0.060 x W0-984-
= -8.380 + 0.385 x 
























































single set of data. Moreover the results of the 4 sets together are influenced less 
by the specific conditions under which each of the four studies is done. Also the 
results of all data together are less influenced by one breed. 
3.1.2.3. Tested fac tors 1 and sets of da t a 
The precision with which protein and fat deposition can be predicted was 
tested with the energy and N balance data given by BREIREM (1935), LUND 
(1938 , LUDVIGSEN and THORBEK (1955), JUST NIELSEN (1970), VERSTEGEN (1971) 
e r n n w T 7 G E r * ^ ^ ^ * * d a t a °" t h e ^emical composition of the 
empty body of pigs given by JUST NIELSEN (1970) were used 
theInii!erea?,qUati°n^ teSted t h e , f a C t ° r S W e r e V a r i e d i n t h e ™*8C "f data given in 
r a n e f a S J 7 ? ! " " " ^ °f t h e m o d e l s * * various values (a 
range as high as possible) of the factors was tested. In Section 3 1 2 2 the rela-
LineSa? a n T a f l o T f " ' 'f ^ "*> g U t M a n d b o d v w e ^ w « t m p u ï ï . 
whichfitbest r f TS and C ° n S t a n t S Were U s e d > t o a ™ e at equations 
which fit best the growth of the various components of the body (see Table 3 3) 
b l T h e ^ s S ^ a n d b 0 d y W e i 8 h t g a i " - - d " they^ e%Teaeng?ven 
taSS thus: S S S ^ ^ r " r T* f°r t h e P » s ' which are modified in 
water, and ^ E o r S F The wo d < S ' ^ T ' l ' LBM^«™ °' Protein/protein+ 
sion is estimated: protein and faTden^f T*/™ * e characteristics, for which the preci-
calculated protein d S S S Ï Ï t ^ Z ^ T ^ C°rrelati°n C O e f f i c l e n t s b e t w e e n 
calculated fat deposition and fat £ Ä f t d "" ^ Vad°US aUth° rS a n d b e t W e e n 
chapter the description of the last two ' T »Î ^ V a n 0 U S a u t h o r s - I n t h e r « t of this 
coefficients b e t w e e ^ a l c u i S r u n S ^ 
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Besides these data a non-linear relationship between bodyweight and time 
(cubic equation) was used in the data of BREIREM (1935), LUDVIGSEN and THOR-
BEK (1955) and JUST NIELSEN (1970) to predict the bodyweight and thus body-
weight gain on the day on which the energy balance had been measured. Table 
4.6 shows that the bodyweight and the bodyweight gain could, be predicted 
better with the cubic equation than with other equations. 3 sets of data with a 
cubic formula for bodyweight gain were available. 
Together with the 6 investigations on energy and N balances (linear weight 
gain) and the data of chemical analysis of the empty body, collected by JUST 
NIELSEN (1970), 10 sets of data were available to analyse the goodness of fit of 
various sets of equations and constants, and to test the precision of various 
ways of prediction of protein and fat deposition. 
It is assumed that the dependency between sets of data, which arose in this 
manner, has not influenced too strongly the computations, described in Section 
3.2. 
As derived in Section 2.3 three models were used (Table 3.3) to test the predic-
tion of protein and fat deposition. The models tested are : 
- Model according to CLOSE: EBC model (Equations 2.11 to 2.16). 
- EB model according to KIELANOWSKI : EBK model (Equations 2.2, 2.12, 2.17 
and 2.18). 
- ME model according to KIELANOWSKI and KOTARBINSKA : MEK model 
(Equations 2.1 to 2.10). 
Table 3.4. gives a survey of the factors tested per model. For each model 36 
different combinations of factors have been tested. 
3.1.2.4. C o m p u t a t i o n s 
Mean values of the protein and fat deposition and values of correlation 
coefficients between calculated and found protein and fat deposition were 
used for the computations. The values for the four traits were computed for 
each set of data, for each combination of factors and for each model. 
In order to quantify the influence of the 3 models and the four factors on the 
values of the correlation coefficients between calculated and found protein and 
fat deposition, these correlations were transformed by means of the Z trans-
formation of FISHER (DE JONGE, 1964). 
First of all each model was tested by difference between sets of data. For 
each of the four factors the uniformity of reaction in the different sets of data 
was investigated, and also the difference of the level of the four traits. For this 
investigation the following statistical model was used : 
yu = li + ma, + \{XB) + *e (Xe) + J>« (*,) + ». (Xa) + 
+ bio (Xl0 - X_t0) + bie (Xie - Xie) + b„ (Xu - Xu) + 
+ bia(Xia-Xia) Model 3.1 
In this model 
ytJ = yth value of a trait in z'th set of data (j = 1, 36) 
H = total mean 
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mat = influence of the rth set of data (z = 1, 10) 
S0, te, ï, and ~ba = the mean regression coefficient of each of the four traits 
(level of protein and fat deposition, and correlation coefficient between calcul-
ated and found protein and fat deposition), on the four factors: maintenance 
(X0), efficiency (Xe), LBM/protem or protein/protein + water (X,) and empty 
body or PWF gain (Xa) 
bio, bie, bn and bia = deviations of the line regression of the traits on the four 
factors, within sets of data 
etj = random error. 
Moreover for each set of data the regression cofficients were calculated of the 
four traits on the factors for each model. To get an impression of the difference 
of the four traits per set of data, also the total mean of four traits for each model 
was calculated per set of data. From the calculations it turned out that the 
various sets of data did not react uniformly to changes in the four factors. For 
later investigations the common effect and the component of interaction 
between factors and sets of data were added together. 
It was calculated which part of the variance was due to differences between 
sets of data and which part was due to the influence of the four factors. The 
„differences between the three models (EBC, EBK and MEK models) were 
tested by means of F values, obtained for each pair of two models, of the mean 
squares between sets of data, between factors (summed) and random errors. 
3.2. RESULTS 
3.2.1. Differences between sets of data 
The differences in the level of the four traits and in uniformity of reaction, 
when changing the four factors : maintenance, efficiency of synthesizing fat and 
protein, ißM/protein or protein/protein + water and weight gain of empty 
body or weight gain of P WF, have been tested with the statistical Model 3.1. The 
F values for the differences between sets of data and between reaction to the 
changes in the four factors are given in Table 3.5. This table shows that the F 
values for differences between sets of data, maintenance and efficiency are all 
significant (p < 0.005). Non-significant values for the fat level in the EBC and 
EBK models were found with respect to the factor: protein/protein + water 
or L5M/protein. For the factor: gain of PWF or empty body no F values were 
significant for the level of fat deposition and the values of the correlation between 
calculated and found fat deposition. 
Also the differences in regression coefficients of the values of the traits on the 
four factors for all sets of data together and within sets of data show, that the 
sets of data did not give consistent results. In Table 3.6 the mean regression 
coefficients have been given for the levels of protein and fat deposition and for 
the values of the correlation coefficients between calculated and found protein 
and fat deposition on the four factors. Also the highest and the lowest value of 
these regression coefficients per set of data have been given in this table. These 
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TABLE 3.5. F values for differences between sets of data and reaction on changing of the factors. 














































F | 1 0 > 1.88 p < 0.05 
Ff10 > 2.41 p < 0.01 
Ffio>2.62 />< 0.005 
differences are in agreement with the F values given in Table 3.5. 
The mean protein and fat deposition and the mean values of correlation 
coefficients between calculated and found protein and fat deposition were cal-
culated per set of data in the three models. These values have been given in 
Table 3.7. A comparison of the results of the first 6 sets of data in this table, 
where the bodyweight gain is the figure given by the investigator, shows that 
there are considerable differences in protein and fat deposition between sets of 
TABLE 3.7. Daily protein and fat deposition and the mean value of correlation coefficients 
between calculated and found protein and fat deposition. 
Data 
Daily gain, as given by the authors 
BREIREM (1935) 
LUND (1938) 
LUDVIGSEN and THORBEK (1955) 
JUST NIELSEN (1970) 
VERSTEGEN (1971) 
VERSTEGEN et al. (1973) 
Daily gain, calculated from 
the cubic curve 
BREIREM (1935) 
LUDVIGSEN and THORBEK (1955) 
JUST NIELSEN (1970) 
Chemical analysis of empty body 










































































































data. These differences are partly caused by differences in feeding level, body-
weight and experimental conditions. The values of correlation coefficients 
between calculated and found protein deposition also vary considerably. The 
highest value was 0.841 (BREIREM, 1935) and the lowest 0.069 (LUDVIGSEN and 
THORBEK, 1955). The values for the correlation coefficients between calculated 
and found fat deposition were much more constant, i.e. the highest value was 
0.985 (LUDVIGSEN and THORBEK, 1955) and the lowest value 0.656 (VERSTEGEN 
et al., 1973). 
In balance and respiration trials the bodyweight gain was estimated for a 
short experimental period (about 10-14 days). Therefore the error is relatively 
important (cf. CÖP et al., 1970). To reduce this error the bodyweight gain was, 
if possible, calculated from a cubic growth curve. When using this method for 
JUST NIELSEN'S (1970) data, the value of the correlation coefficient between cal-
culated and found protein deposition was double that found when protein was 
calculated from bodyweight gain derived from linear interpolation between two 
weighings. Also the level of protein deposition increased by 18 g/day, when the 
bodyweight gain was derived from the cubic curve. According to the data of 
BREIREM (1935), the value for the correlation coefficient between calculated and 
found protein deposition decreased when using a cubic growth curve, and ac-
cording to the data of LUDVIGSEN and THORBEK (1955), the value for the corre-
lation coefficient hardly changed by calculating bodyweight gain from a cubic 
curve. 
The precision of the three models was also tested with JUST NIELSEN'S data 
obtained from chemical analysis of the empty body. Comparison of the level 
of protein and fat deposition calculated from energy and N balances (using 
bodyweight gain data derived from a cubic growth curve), with levels for the 
traits from total feed intake and bodyweight gain shows, that the levels are 
nearly the same. Also the value of the correlation coefficients between calcu-
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lated and found protein deposition were nearly the same. The value of the cor-
relation coefficients between calculated fat deposition and fat deposition found 
by chemical analysis of the empty body was 0.257 compared with 0.970 obtained 
from energy and N balance data. 
3.2.2. Differences between factors and between models 
The relative contribution of the total sum of squares of the traits to the four 
factors and to the differences between sets of data are given in Table 3.8. The 
data in this table show that the relative contribution to the four factors of the 
traits, protein and fat deposition, is 35 % to 70%. The total sum of squares for 
the values of the correlation coefficients between calculated and found protein 
and fat deposition is mostly (95 to 99 %) caused by differences between sets of 
data. Of the factors, efficiency contributed most in the EBC and EBK models, 
whereas in the MEK model, maintenance gave the highest contribution. The 
relative influence of the four factors on the value of the correlation coefficient 
between calculated and found protein deposition always was higher than for the 
value of the correlation coefficient between calculated and found fat deposition. 
With respect to the level of protein and fat deposition the factors, maintenance 
and efficiency, contributed more to the sum of squares in fat deposition, whereas 
the other two factors contributed more to protein deposition. 
Table 3.9 shows that in nearly all cases the influence of change in any of the 
four factors on the four traits was significant. Only 6 F values connected with 
fat deposition or with the values of the correlation coefficient between calculated 
and found fat deposition were not significant. 
Analysing the data on level of protein and fat deposition showed that 4.6838 
as value for ZJ?M/protein, which was used in the EBK and MEK models was 
lower than might be expected from the mean body weight of the pigs in the 
various sets of data. However the value of 0.21 used for the ratio protein to 
protein + water fitted well for the mean bodyweight. Because of the ratio LBM 
to protein in the EBK and MEK models was underestimated, the level of pro-
tein deposition was higher whereas the level of fat deposition was found lower 
(cf. Equations 2.18 and 2.5 and Table 3.10). Therefore after comparing the 
three models, the sum of squares caused by the factor protein/protein + water 
in the EBC model and LÄM/protein in the EBK and MEK models were added 
to the error. 
The results about the mean squares for the sets of data and the influence of 
the three remaining factors, and the error have been summarized per model in 
Table 3.11. The differences between the models have been given in Table 3.12. 
From these tables it can be stated that the mean squares for the various sets of 
data did not differ significantly in the three models. In the MEK model, the 
variance in the values of the correlation coefficient between the calculated and 
found protein and fat deposition which was caused by maintenance, efficiency 
and PWF gain or empty bodyweight gain was higher than in the EBK and EBC 
models. The lowest residual sum of squares was found in the EBC model and 
the highest in the MEK model. Except for the differences of the values of the 
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TABLE 3.10. Mean protein and fat deposition and mean values of correlation coefficients 
between calculated and found protein and fat deposition for the three models. 
Trait Value used for the 
factor: 
Protein/protein+water 
or : ZBM/protein 







constant 68.80 74.09 75.22 
allometric equation 69.62 67.13 67.28 
constant 180.51 177.33 172.01 
allometric equation 180.02 181.52 180.41 
constant 0.459 0.468 0.415 
allometric equation 0.496 0.501 0.461 
constant 0.935 0.933 0.907 
allometric equation 0.933 0.935 0.912 
TABLE 3.11. Mean squares for sets of data, factors and error within models. 
Level Correlation coefficients 
Effect 




















































TABLE 3.12. F values for differences between the models EBC, EBK and MEK. 
Effect Models Level Correlation coefficients 
Sets of data1 EBC-EBK 
EBC-MEK 
EBK-MEK 














































Ff > 3.18 p < 0.05 Flo > 1.84 p < 0.05 
FIS > 2.39 p < 0.01 
Ff g > 2.63 p < 0.005 
3
 Flî%> 1.15 p< 0.05 
FUS > 1.20 p < 0.01 
F\\%> 1.22 p< 0.005 
(F values have been extrapolated) 
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correlation coefficient between calculated and found fat deposition, the EBC 
model always had significantly lower residual variances than the MEK and 
EBK models. Table 3.10 shows that, if the underestimated ratio of LBM to 
protein is taken into account, none of the three models differed significantly in 
the level of protein and fat deposition. However the values of the correlation 
coefficients between the calculated and found protein and fat deposition were 
lower in the MEK model than in the EBC and EBK models. 
3.3 DISCUSSION 
Feeding values and also energy and protein requirements in farm animals are 
mainly based on energy and TV balances (cf. NEHRING, 1969; JUST NIELSEN, 
1970; KIELANOWSKI, 1972; BREIREM and HOMB, 1972). In addition, these data 
have been used frequently to find the most desirable housing conditions for 
farm animals and the optimum climate in stables for feed utilization (CLOSE, 
1970; VERSTEGEN, 1971). In pig breeding, energy and N balances have been 
seldom used until now. However these data may be very useful in this field, 
because both bodyweight gain and efficiency of bodyweight gain of farm 
animals are mainly determined by feed intake and feed utilization (mainte-
nance, protein and fat deposition). 
In the introduction, it has been argued that protein and fat deposition are 
important traits for efficiency of meat production. Using information from the 
literature, three models (EBC, EBK and MEK models) were obtained, with 
which protein and fat deposition could be calculated from bodyweight gain and 
feeding level. These models were mainly based on wellknown and accepted 
physiological data connected with bodyweight gain and feed utilization. 
HOUSEMAN and MCDONALD (1973) computed protein and fat deposition from 
bodyweight gain and feeding level using multiple regression, whereas HUXLEY 
(1932) showed that allometric equations, were very useful to estimate protein 
and fat. Their methods may give better results with the data, in which the equa-
tions were computed, compared with the method used in this investigation. 
However the aim of this investigation was to find how useful energy and N 
balances could be as parameters in pig breeding. Furthermore, by using physio-
logical data connected with bodyweight gain and feed utilization it is possible 
to correct for some differences in environmental factors between groups of 
animals, if the relationships between feed utilization, and feeding level and that 
between feed utilization and climatic and housing conditions are known. 
To judge the precision, with which protein and fat deposition could be pre-
dicted from bodyweight gain and feeding level, the protein and fat deposition 
and also the values of correlation coefficients between calculated and found 
protein and fat deposition were computed for each model, for each set of data 
and for each combination of the four factors. The differences in results between 
the 10 sets of data used, between the 4 factors and between the 3 models were 
analysed. 
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Differences between sets of data 
The relative contribution of the variance in protein and fat deposition to 
differences between sets of data was in the three models 60 to 70 % and 30 to 
50 %, respectively. The relative contribution to this effect of the variance in the 
values of correlation coefficients between calculated and found protein and 
fat deposition was about 95% and 99%, respectively (Table 3.8). 
The differences in the level of protein and fat deposition between sets of data 
are partly caused by differences in feeding level, feed composition, sex and 
breed. The influence of these points of the level op protein and fat deposition 
is reviewed in Section 2.2.2, and as such these points should not be used to 
judge, how precise protein and fat deposition can be predicted from body-
weight gain and feeding level. 
Differences in the precision of the prediction of protein and fat deposition in 
the various sets of data may be concluded both from differences between cal-
culated and found protein deposition and between calculated and found fat 
deposition. It may also be concluded from differences in the ratios calculated to 
found protein and fat deposition, respectively (Table 3.13). Furthermore the 
differences in precision for the various data are illustrated by the great differ-
ences in the values of correlation coefficients between calculated and found 
protein and fat deposition. 
The differences between the values given in Table 3.13 may be partly ex-
plained by systematic differences in the experimental procedures applied. 
These differences might have been caused by 
TABLE 3 13 Difference between calculated and found protein and fat deposition and the 
ratio calculated to found protein and fat deposition (EBK model; MEM/kg3'* = 100 kcal; 
EBjMEp = 0.65). . • 
Data Difference Ratio 
Protein Fat Protein Fat 
(g) (g) (%) • (%) 
Daily gain as given by the authors ^
 m 
BREIREM (1935) •"• 1 J . _ , - ,
 l n , 
LUND (1938) ^ 4.76 56 103 
LUDVIGSEN and THORBEK (1955) -39.54 -2.69 64 99 
JUST NIELSEN f 1970) - 5 0 - 3 4 6 9 ' 0 0 5 6 
JUST NIELSEN (1970)
 9 ^ m 
VERSTEGEN (1971) 1 . , « ,-, , IA 
w \ i MIITO -31 39 15.55 67 114 
VERSTEGEN et al. (1973) 31-3y 
Daily gain, calculated from the cubic curve 
BREIREM (1935) J, A vi 66 98 
LUDVIGSEN and THORBEK (1955) -36.81 - ^ 
JUST NIELSEN (1970) "3 3-4 9 58"72 7 ° 1 4 ? 
Chemical analysis of empty body
 8 0 1 4 0 
JUST NIELSEN (1970) " l i i ^ 1 _ 
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- the method used for the estimation of the traits, bodyweight, daily gain and 
energy balances 
- the management of the pigs 
- differences between management and housing conditions during the balance 
periods and the rest of the fattening period. 
All points mentioned will influence the ratio MEP to bodyweight gain, and as 
a consequence also the differences between sets of data in calculated and found 
protein and fat deposition. Systematic differences between experimental pro-
cedures applied by the research workers and also the already mentioned differ-
ences in feeding level, feed composition, breed and sex probably influence the 
level of protein and fat deposition more than the values of correlation coefficient 
between calculated and found protein and fat deposition. These values of cor-
relation coefficients may be influenced by various interactions between ex-
perimental procedures and breed, sex, individual variation of pigs, feeding 
level or feed composition. However, it is impossible to quantify the various 
causes of interaction and their influence on the values of correlation coefficients. 
The highest and the lowest value of the correlation coefficient between cal-
culated and found protein deposition were 0.841 and 0.046, respectively, and 
between calculated and found fat deposition 0.985 and 0.257 (see Table 3.7). 
Especially the low value of the correlation coefficient between calculated and 
found protein deposition in LUDVIGSEN and THORBEK'S data could not be ex-
plained satisfactorily. VERSTEGEN (1971) mentioned that their data, especi-
ally in young pigs, may have been influenced seriously, because heat; pro-
duction measurements started immediately after arrival in the respiration 
chamber. Very low values for bodyweight gain in combination with a quite 
normal feed intake were observed in the data of LUND (1938). The values of 
correlation coefficients between calculated and found protein and fat are 
surely influenced disadvantageously by this fact, because a feeding schedule 
according to liveweight was applied. The value of the correlation coefficient 
between calculated and found protein and fat deposition in JUST NIELSEN'S 
data doubled when bodyweight gain was derived from the cubic curve com-
pared with that found, when bodyweight gain was derived from linear inter-
polation between two weighings. Probably this increase can be explained 
because using a cubic curve the error in the estimation of bodyweight gain is 
lower and also because the influence of the environmental conditions during the 
balance period on this estimation is lower. This increase in the values of cor-
relation coefficients between calculated and found protein deposition, using a 
cubic curve to derive bodyweight gain, did not occur in the data of BREIREM 
(1955) and LUDVIGSEN and THORBEK (1955). Possibly there was no increase 
because of an irregular growth curve of their pigs (for instance due to adapta-
tion of feed quantity to bodyweight, feed composition or housing conditions). 
In addition, small numbers of pigs have been used in these investigations. 
The values of correlation coefficients between calculated and found fat depo-
sition are higher than those between calculated and found protein deposition 
(Table 3.8). This result is mainly caused by protein deposition being rather 
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constant during the fattening period, whereas the fat deposition nearly linearly 
increases with increasing feed intake above maintenance (JUST NIELSEN, 1970; 
GRAY and MCCRACKEN, 1974). Hence the order of the pigs for fat deposition 
will be influenced less by errors in the parameters used in the models, than would 
occur for protein deposition. The constancy in protein deposition in the data 
used for this investigation has also occurred because all pigs were fed according 
to liveweight, and thus only a small variation in feeding level occurred. ME 
intake can be estimated with an error of about 1-2% (VERSTEGEN, 1971). This 
means that the standard deviation due to error in the estimation of EB will be 
higher in the larger pigs receiving more feed. Therefore the values of correlation 
coefficients between calculated and found protein deposition might be more 
variable. Probably a better fit of calculated to found protein deposition would 
be found if the quantity of feed, given to pigs of a certain weight varied as 
much as possible. 
The value of the correlation coefficient between the calculated and found fat 
deposition in JUST NIELSEN'S data, calculated from energy and N balances was 
0.970 compared with a value of 0.257, when calculated from the data of che-
mical analysis of the empty body. JUST NIELSEN (1970) extensively discussed the 
possible differences between balance experiments and slaughter investigations. 
Most of the investigations he mentioned were comparisons between N balan-
ces and protein deposition, as could be calculated from chemical analysis of 
the empty body. JUST NIELSEN (1970) concluded that complete agreement 
between the results of balance experiments, and slaughter investigations had 
seldom been obtained. Especially the difference between balance experi-
ment and slaughter investigation for the individual animal varied conside-
rably. JUST NIELSEN (1970), however, could not explain the cause or causes 
responsible for the differences between methods. On the basis of the différ-
ée in the value of the correlation coefficient between calculated and found fat 
deposition in both methods, one might conclude that the estimation of the fat 
deposition by means of energy and N balances is not very precise, also because 
fat deposition calculated from balances is a rest factor. Therefore more research 
should be done about this subject. 
Table 3 5 shows that the reaction of the various sets of data to the factors, 
maintenance, efficiency, protein/protein + water or LBM/protdn and gain of 
P WF or gain of empty body was not consistent. 
Differences between sets of data in this respect may increase if there exist 
systematic differences in bodyweight or feeding level. Therefore the average 
weight of the pigs is given for the various sets of data in Table 3.14 From 
Equation 2 18 it can be concluded that AP increases linearly per kcal of de-
crease of EB. From the Equations 2.18 and 2.12 together it can be seen that the 
reverse is true for the fat deposition. Because at a higher bodyweight the de-
crease of EB is greater through an increase in the factor maintenance require-
ment, the increase of protein deposition will be greater in data with a higher 
average bodyweight. The order of the values of regression coefficients of calcu-
lated protein and fat deposition on maintenance was similar to that for the 
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TABLE 3.14. The average bodyweight of the pigs used for the computations of the precision of 
protein and fat deposition. 
Data Weight (kg) 
BREIREM (1935) 52.79 ( ± 23.75) 
LUND (1938) 45.70 ( ± 17.93) 
LUDVIGSEN and THORBEK (1955) 55.57 ( ± 23.18) 
JUST NIELSEN (1970) (balances) 50.58 ( ± 20.22) 
VERSTEGEN (1971) 43.75 ( ± 19.75) 
VERSTEGEN et al. (1973) 31.02 (±2.51) 
JUST NIELSEN (1970) (Chemical analysis of empty body) 90.86 ( ± 4.02) 
coefficients of variation for the weights of pigs in the various data. This simi-
larity can also be explained by the relations between EB, and protein and fat 
deposition at different bodyweight. 
An inconsistent increase of protein or fat deposition for various sets of data 
will be found together with an equal change of efficiency for synthesizing pro-
tein or fat, if MEP differs systematically per set of data. This is true, because 
proportional changes of the efficiency were only taken into account for the three 
models. Thus if MEP differs per set of data, the amount of kcal, with which 
EB changes, when changing the efficiency, are unequal for the different sets of 
data. Because all pigs were fed according to liveweight, and because there were 
systematic differences between average liveweights of the pigs in the different 
sets of data, it is clear, that MEP also differed between data systematically. 
A constant value for the ratio protein to protein + water or the ratio LBM 
to protein and equations that described the relation between this ratio and 
bodyweight were used. Also these alternatives have influenced the change in 
protein and fat deposition between data, because of the differences in average 
bodyweight between sets of data. 
The two equations used in the three models for the factor P'WE gain or gain 
of empty body did not cause inconsistency in the reaction to calculated fat 
deposition for the various sets of data. The different reaction of the sets of data 
to calculated protein deposition may also be caused by differences in average 
bodyweights. 
The values of correlation coefficients between calculated and found protein 
and fat deposition also did not react consistently to changes of the values of 
the four factors. Again this can be partly explained by differences in average 
bodyweight and feeding level above maintenance in the various sets of data. 
This change of the values of correlation coefficients between calculated and 
found protein and fat deposition will be discussed later. 
It could not be analysed to what extent the inconsistent change in the protein 
and fat deposition and in the values of correlation coefficients between cal-
culated and found protein and fat deposition for the various sets of data was 
caused by systematical differences in genotype, bodyweight, feeding level, or 
experimental procedures, and to what extent it was caused by the assumptions 
made in the three models. 
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Differences between factors and between the three models 
The relative contribution to the four factors of the total sum of squares of 
the traits, protein and fat deposition and values of the correlation coefficients 
between calculated and found protein and fat deposition are given in Table 3.8. 
The influence of the four factors on the four traits nearly always was significant 
(Table 3.9). Table 3.8 shows, that the factors, maintenance and efficiency, 
contribute much more to the total sum of squares of the protein and fat deposi-
tion than the factors, protein/protein + water or L2?M/protein and P WF gdin 
or gain of empty body. These differences may not be mutually compared. When 
choosing the models and the different values or equations of the four factors, 
the intention was only to test alternatives for each factor. 
As mentioned before an increase of maintenance requirement and a decrease 
of efficiency both increase calculated protein deposition and lower calculated 
fat deposition. A decrease of the ratio LBM to protein and an increase of the 
ratio protein to protein + water rise calculated protein deposition and lower 
calculated fat deposition. This cannot only be concluded from the equations 
for protein and fat deposition in Section 2.3, but also from the lower energy 
content in protein compared with fat. Therefore if a given amount of body-
weight gain is found a decrease of EB will cause a shift to protein and an in-
crease a shift to fat; less water in the gain will also give a shift to protein for the 
same reason. 
The increase of the values of the correlation coefficients between calculated 
and found protein deposition by increasing maintenance and decreasing effi-
ciency may be explained by assuming a non-linear relationship between cal-
culated and found protein deposition. Computations about this relationship 
were done with the data collected by BREIREM (1935) and by LUDVIGSEN and 
THORBEK (1955). 
At a higher found protein deposition the difference between calculated and 
found protein deposition was relatively lower. Moreover, the values of the 
correlation coefficient between found protein deposition and bodyweight were 
positive (0 579 in BREIREM'S data and 0.371 in LUDVIGSEN and THORBEK'S data). 
Therefore by increasing maintenance or by decreasing efficiency the relation of 
calculated protein deposition to found protein deposition will become more 
linear, and the value of the correlation coefficient will increase. On the basis of 
this theory there might be a certain EB, which gives the maximum value of the 
correlation coefficient. But, it is questionable whether the highest value of the 
correlation coefficient also gives the best prediction of the protein deposition 
The reason for this may be that the relation of the difference between calculated 
and found protein deposition and this value of the correlation coefficient change 
in the same direction. Therefore the point of EBf that gives the highest va ue of 
correlation coefficients has not been investigated so far in the various sets of 
data. The reverse was found for the values of correlation coefficients between 
calculated and found fat deposition. For this trait lower values were obtained 
^ n Z t l Z ^ s data, however, the four factors hardly influenced the values 
Meded. Landbouwhogeschool Wageningen 74-18 (1974) 
of correlation coefficients between protein and fat deposition, when calculated 
protein and fat deposition were related to the data of the chemical analysis of 
the empty body. This can be explained by the fact, that all pigs were fed ac-
cording to liveweight and all were fattened over nearly the same weight range. 
Hence changes in the four factors influenced mainly the level of protein and 
fat deposition by an equal amount. Thus, differences between pigs only changed 
slightly, and therefore also the values of correlation coefficients. 
Assuming that feed intake and bodyweight gain can be estimated quite well, 
the precision of the models to calculate protein and fat deposition could be 
increased by taking into account the variation in ZJ?M/protein or protein/ 
protein + water between pigs. The increase of precision that might occur, was 
investigated with the data collected by JUST NIELSEN (1970). The course of the 
ZJ?M/protein was related to the value, that was calculated from the chemical 
analysis of each pig. By doing so the values of correlation coefficients between 
calculated and found protein and fat deposition were hardly influenced. With 
a maintenance requirement of 100 kcal ME per kg3'* and an efficiency of 0.55, 
the value of the correlation coefficient between calculated and found protein 
deposition increased from 0.710 to 0.720, whereas the value for fat decreased 
from 0.258 to 0.251. 
With regard to the differences between the three models in Section 3.2.2 it 
has already been mentioned that the constant value of 4.6838 used in the EBK 
and MEK models for the factor LUAf/protein, was lower than might be ex-
pected from the average bodyweight of the pigs. Hence it can be explained, 
that the relative contribution to this factor in the EBK and MEK models of the 
total sum of squares for protein and fat deposition was significantly higher than 
it was in the EBC model to the factor, protein/protein + water (see Table 3.8). 
Furthermore the contribution of the total sum of squares of the values of cor-
relation coefficients between calculated and found protein and fat deposition 
to the factors, maintenance, efficiency and LBM gain or gain of empty body, 
differed significantly between the MEK model on one hand and the EBC and 
EBK models on the other. The difference between the MEK model and the 
EBK and EBC models can also be seen from the values of correlation coeffi-
cients between calculated and found protein and fat deposition (see Table 3.10). 
One would have expected that taking into account the difference between 
efficiency for synthesizing protein and that for fat, would increase the precision 
of the prediction of the protein and fat deposition. Further the differences 
between the three models were very small. This is in agreement with the points 
that were stated in Section 2.3.4. 
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3.4. CHOICE OF THE MODEL AND THE COMBINATION OF FACTORS 
USED FOR THE FURTHER COMPUTATIONS 
Tables 3.10 and 3.12 show that the differences between the calculated protein 
deposition and those between the calculated fat deposition using the EBC 
model, the EBK model or the MEK model were very small. The values of cor-
relation coefficients between calculated and found protein and fat deposition 
were significantly lower for the MEK model than those for the EBC and EBK 
models. For the EBK model the value of the correlation coefficient between 
calculated and found protein deposition was slightly higher than in the EBC 
model, and the calculated protein deposition was slightly lower in the EBK 
model. Table 3.6 showed that the value of the correlation coefficient between 
calculated and found protein deposition and the level of the calculated protein 
deposition changed in the same direction. Because in the EBK model a slightly 
lower protein deposition and a slightly higher value of the correlation coefficient 
between calculated and found protein deposition were found compared with 
those data for the EBC model, the first of these two models was chosen. 
Tables 3.6 and 3.15 show that the change of the protein deposition and the 
values of correlation coefficients between calculated and found protein deposi-
tion were opposite to these for fat when changing maintenance or efficiency. 
Furthermore, even when the maintenance requirement was assumed to be 120 
kcal ME per kg314 and the efficiency was assumed to be 0.55 the calculated 
protein deposition was 21 g lower than that found in N balances. Therefore to 
make a choice between the different combinations of factors within the EBK 
model the following assumptions have been made: 
- the maintenance requirement is 100 kcal ME per kg3'4 
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- the protein deposition as estimated by N balances is overestimated by 15.5 % 
- the 'real' EB is 9.46 x AF + 7.5 X (1-0.155) AP. 
The value of 100 kcal ME per kg3'4 has been chosen, because this figure is in 
good agreement with the data computed by VERSTEGEN et al. (1973). Further-
more, this figure has been estimated by KOTARBINSKA (1969) in pigs under 
quite normal housing conditions. The figure of 15.5 % for the overestimation of 
protein deposition using N balances is based on the data from JUST NIELSEN 
(1970). 
Within combinations of factors the value of 4.6838 for the factor LBM/ 
protein was not useful, because this value adapted to another average body-
weight of pigs between 25 and 100 kg. To estimate the gain of the empty body, 
a linear increase of the amount of gut fill was assumed. 
If a maintenance requirement of 100 kcal ME/kg3'*, a.LBM/protein changing 
with bodyweight and the gain of empty body linear increasing with bodyweight 
was taken into account, then an EB of 9.46 x JF(found) + 5.7 X 0.845 X AP 
(found) will be obtained with an efficiency between 0.55 and 0.65. The results of 
these two combinations of factors for the various sets of data have been given 
in Table 3.16, together with the data of fat and protein deposition, found by the 
various authors. 
On the basis of the average found protein deposition multiplied by 0.845 and 
the average found fat deposition, for the 10 sets of data EB was calculated to be 
1998.72 kcal. The average calculated EB in the EBK model were 1776.79 and 
2077.84, when the efficiencies were 0.55 and 0.65, respectively. An EB of 1998.72 
kcal corresponds to an efficiency of 0.62. This value is used in the following 
computations, therefore. 
In the equation to compute protein deposition, 
AP = {EB-9A6 ALE)/{5.7-9A6K) Eqn. 2.18 
EB, ALE and K will be estimated using the following equations : 
EB = {ME - 100 W3IA) x 0.62 
ALE = ( I F - 0.916 + 0.049 W) 
K= ( I F - 0.060 W0-984- - 0.021 W^^Kp.XK, w°-9SA) 
The fat deposition will be estimated from Equation 2.12 
AF = {EB - 5.7 AP)/9A6 
The bodyweight on each day will be computed from the cubic curve, for 
each pig separately. 
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4 D A I L Y P R O T E I N A N D FAT D E P O S I T I O N I N 
PIGS ON R E S T R I C T E D A N D A D L I B I T U M F E E D 
4.1. MATERIAL AND METHODS 
4.1.1. Material 
4.1.1.1. Da ta on bodyweight gain, feed in take and s l augh te r 
qua l i ty of res t r i c ted ly fed pigs 
Observations were made on 1644 pigs. These pigs were fattened at the testing 
station 'Zuid-Nederland' between May 1969 and July 1970. The pigs underwent 
performance testing (PT), combined testing (CT) or the so-called castrated 
males/females test (NK). Piglets were sampled in order to obtain a represen-
tative sample of a litter. The number of piglets per litter tested were 2 males in 
PT, 2 males and 2 females in CT, and 2 castrated males and 2 females in NK. 
The testing period was between 25 and 100 kg. The adaptation period at the 
testing station lasted about 14 days. The composition of the feed, and the feed-
ing scheme applied were the same for all pigs and are presented in Table 4.1. 
The testing methods are described in detail by KROES (1969). Only data were 
used from litters in which observations were made on 2 castrated males, 2 males 
or 2 females. Thus 78 animals were excluded. The remaining data are summa-
rized in Table 4.2. 
The following observations per pig were made : 
- weight at the beginning and at the end of the testing period and at intervals 
of a fortnight ; 
- the feed intake in the age intervals preceding the weight observations ; 
- the age at the weight observations. 
In addition bodyweight gain, feed intake and carcase traits, corresponding to 
the testing method were observed (Table 4.3). 
4.1.1.2. D a t a on bodyweight ga in , feed i n t a k e and s l a u g h t e r 
qua l i ty of ad l ib i tum fed pigs 
Observations were made on 233 DL females, divided in 29 progeny groups 
and 3 series. These pigs were fattened at the Department of Animal Husbandry 
of the Agricultural University, Wageningen, between January 1972 and Sep-
tember 1973. Progeny groups per sire ranged from 4 to 9 pigs. The piglets in 
Series 2 came from planned insemination in one herd. The piglets in Series 1 and 
3 came from 13 and 29 herds, respectively. In Series 1 an attempt was made to 
find 4 females from 2 different litters, descending from one sire. As this was 
very difficult 3 females from 3 different litters of the same sire were bought for 
Series 2 and 3. Data were also collected to investigate the effect of the develop-
ment of the sire at a given age on the optimum slaughter weight. Therefore 
sires were chosen that were heavy or small at a certain age. The different 
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TABLE 4.1. Composition and energy content of the feed, used at the testing stations, and the 
feeding schedule applied. 
I Composition and energy content of the feed. 







dried whey (delactosed) 
fishmeal(67%) 
lucerne 
min. fattening pigs 
bicalcium phosfate 
Vitamin ABD 















































Calculated from the feed values, given by the C.V.B. 
groups are summarized in Table 4.4. , „ , . , , 
The piglets arrived at an age of 6-7 weeks. Within 14 days the feeding level 
was increased to ad libitum. This ad libitum feeding regime was used during the 
testing period. The feed composition was equal to the feed used at the testing 
stations (Table 4.1). Fifty percent of the pigs were fattened for about 4 months 
The others - sampled at random by pen and by litter - were fattened for 6 
T e n pigs had to be eliminated (2 in Series 1 7 in Series 2 and 1 int Series3): 
five died during the test and five were culled for retarded growth or disease. 
Pneumonia and diarrhoea did not occur. Sometimes leg weakness was observed, 
which was cured with 1 or 2 v J « i ^ ^ ^ . ^ 
All DIES were weighed weekly in a nxeu Sequenz, 
b y ^ K ^ A e d e r s . At the end of the fattening period all pigs were 
d C Ä o ^ t o the IVO dissection method (BBKGSTKOM and KROESKB, 
1968). The analysed traits are presented in Table 4.5. 
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Castrated males/females test 
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conversion and carcase traits determined 
PT CT1 




cm and ƒ 
daily gain (g) 
feed conversion (kg feed/kg gain) 
backfat thickness : ultrasonic (mm) 
mid-back (mm) 
eye muscle ( %) 
ham(%) 
eye muscle + ham (%) 
























 The data of the females in the combined test consisted of the mean value of the two litter 
mates. 
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TABLE 4.5. Bodyweight gain, feed conversion and carcase traits used in the calculations of 
the ad libitum fed pigs. 
daily gain (g) 
feed conversion (kg feed/kg gain) 
lean cuts : ham and shoulder (both defatted), eye muscle, lean offal 
fat cuts : fat from ham and shoulder, belly, flare fat, fat offal, kidneys, lower jaw fat, 
'krabbetjes' (= lower half of lrst to 4th rib) 
offal: head, feet, tail 
backfat thickness (mid-back measurements) 
meat quality (transmission value) 
4.1.2. Methods 
4.1.2.1. Computation of the growth curve 
Often the average growth curve is estimated by assuming a linear bodyweight 
gain between the moments of observations. From a review of literature on 
growth in pigs (CÖP, 1971), it was clear that daily bodyweight gain between 
conception and mature weight changes continuously. Therefore the coefficient 
of determination (R2) was used, to find which equation in Table 4.6 gave the 
best description of the relation between weight for age and age. It followed 
from the research of CÖP et al. (1970), that the average fit of this relation to the 
shape of a growth curve is quite possible. Therefore besides R2, the standard 
deviation is also used to judge the fit. Thus In R2/(l -R2) was substituted for R2. 
By this substitution the highest values indicate the best fit (KEULS, 1971). The 
rate of fit is presented in Table 4.6 for the equations used. This table shows that 
a cubic equation gives the best fit for the growth of all groups of pigs. There-
fore this equation was used to describe the growth curve per pig and to com-
pute the weights at various ages. . 
For all pigs, fed restrictedly a growth curve was computed, which was used 
TABLE 4.6. Values of In RVV-R2) for the fit of computed and found weights in restrictedly 
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for further computations. The same was done for all pigs fed ad libitum. 
Subsequently the average growth curve per group was computed by taking the 
average of the computed weights of all pigs in one group for each day in the 
fattening period. 
4.1.2.2. Es t ima t ion of the daily feed in take 
From the pigs in the testing station, only feed intake per pen was known 
between two subsequent weight observations. As follows from Table 4.1 the 
amount of feed supplied was related to the bodyweight. The feeding regime can 
be described by a square function : 
y = - 0.41625 + 0.064175 x - 0.000285 x2 (R2 = 0.991) 4.1 
in which y = amount of feed (kg/day) 
x = bodyweight (kg) 
In the management system of the testing station, the amount of feed is weighed 
at two-day intervals and adjusted to the bodyweight. In the calculations it is 
assumed that the increase in amount of feed between two weighings is in ac-
cordance with the square function given above. 
For the calculations of the feed intake of the pigs fed ad libitum, the cumu-
lative feed intake per pig was estimated separately for the first 4 months and 
then for subsequent 2 monthly period. Afterwards the feed intake per day was 
computed by the method of parabolic splines, as described by DUCHATEAU 
et al. (1972). 
4.1.2.3. C o r r e c t i o n for ma in t enance r e q u i r e m e n t s at low t empera -
tu res 
The minimum temperature in the piggery for the pigs fed ad libitum was set 
at 22 °C at the arrival. This temperature was gradually decreased to 15°C when 
the pigs weighed 100 kg. From the calculations of VERSTEGEN (1971) and VER-
STEGEN et al. (1974) it can be assumed that the pigs were kept above the lower 
critical temperature and that the maintenance requirement was not influenced. 
The climatic control in the testing station 'Zuid-Nederland' was such that a 
temperature of at least 16°C could be maintained. It is assumed that only 
during October to May the temperature was 16°C and that in the rest of the 
year the average temperature was 18-19 °C. 
At a thermoneutral heat production of 160 kcal/W31* the lower critical 
temperature is Tcr = 21 - 0.1 »'(VERSTEGEN, 1971). The feeding regime at the 
testing station is 40 g per kg bodyweight at 25 kg, increasing to 45 g at 35 kg 
and subsequently decreasing to 37-38 g at a weight of 80-90 kg (Table 4.1). 
The correction for maintenance requirement at lower critical temperature for 
a pig of 25 kg can be calculated as follows : 
Above the lower critical temperature the heat production of pigs under 50 kg 
is about 0.3 ME + 86.5 x W3'4 kcal (VERSTEGEN, 1971). The ME intake at 
25 kg is 25 x 0.040 x 3022 = 3022 kcal. 
So heat production at this feeding level is 0.3 x 3022 + 86.5 X 11.18 kcal. 
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At 16°C, the heat production required to maintain homoiothermy is: 
a. 160 kcal/W3'4- (basis for zone of thermoneutrality): 1788.85 kcal; 
b. additional heat production to cover the difference between the lower critical 
temperature- 18.5°C at 25 kg and thermoneutral heat production of 160 
kcal/W3'* - and actual ambient temperature of 16°C. According to VERSTEGEN 
(1971), 5.8 kcal/ W3,är are required per °C difference. So the extra requirements 
are 5.8 x 2.5 x 11.18 = 162.11 kcal. 
So totally the thermoneutral heat requirements are 1951 kcal. VERSTEGEN 
et al. (1973) showed that the efficiency of Mis for maintenance below the lower 
critical temperature is 100 percent. 
Thus 1000/3022 X 77.9 = 25.8 g extra feed are required for maintenance. In 
this way maintenance requirement was corrected for any difference that may 
occur between heat requirements and heat production for all pigs fed restricted-
iy. 
4.1.2.4. Computations 
With Eqns, 2.18 and 2.12 the daily protein and fat deposition at each day on 
test were calculated per pig (restrictedly fed pigs) or per pen (ad libitum fed pigs). 
The course of the daily protein and fat deposition was calculated in relation to 
bodyweight within breed, testing method and sex for the pigs fed restrictedly. 
For pigs fed ad libitum the same calculations were made for groups descending 
from heavy sires and for groups from small sires. 
The differences in level in daily protein and fat deposition at the subsequent 
weights were tested by calculating the least significant difference (LSD) with 
P <0.05. 
For the pigs fed restrictedly the average daily protein and fat deposition 
during the whole test period, the standard deviation and the coefficients of 
variation were computed within breed, testing method and sex. In the pigs fed 
ad libitum the averages, standard deviations and coefficients of variation of the 
daily protein and fat deposition were calculated for the first 4 months of the 
fattening period, the total fattening period and between 25 and 100 kg body-
weight. , _. 
To estimate the contrasts between the breeds, between the males, castrated 
males and females and to estimate the components of variance °f the traits, 
daily protein and fat deposition, the statistical Model 4.1. was analysed by the 
method of least squares (HARVEY, 1960): 
ytJklm = n + r, + sJt + dm + ft + *„„. (Model ^ 
In which: 
ytjkim = value of the mth animal 
ß = least squares mean 
h = effect of the /th breed (/ = 1, 2) 
Sjt = effect of the jth sire (J = 1, 85) 
dk3i = effect of the kth dam (k=h 405) 
Si = effect of the /th sex (1 = 1,3) 
e
ukim = error. 
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TABLE 4. 7. Components of variance and E (MQ). 
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The data for these computations were sampled so that from each sire data 
were known of 2 litters and 2 males and/or 2 females and/or 2 castrated males 
per litter. The k values to estimate the components of variance were calculated 
according to HENDERSON (1) - method (HENDERSON, 1953). The E(MQ) for the 
effects presented in Model 4.1. are given in Table 4.7. The heritabilities for both 
traits, daily protein and fat deposition, were estimated from the sire component 
in Model 4.1. If all effects were considered to be random their relative contribu-
tions to the total variance in Model 4.1. were calculated. The k values used for 
breed and sex were 157.31 and 421.14. 
For the pigs fed restrictedly, the phenotypic correlation coefficients between 
daily protein and fat deposition, and some growth and carcase traits were cal-
culated within litters, breeds, testing methods and sexes. As for the females in 
the combined test only the average results of bodyweight gain, feed conver-
sion and backfat thickness were known, the between litter correlation coeffi-
cients were calculated in two groups. In the ad libitum fed pigs, the phenotypic 
correlation coefficients between daily protein and fat deposition, and growth 
rate, feed conversion and carcase traits were calculated from the averages per 
pen for the various traits for the first 4 months of the fattening period and 
then for the total period. 
4.2. RESULTS 
4.2.1. Daily protein and fat deposition 
4.2.1.1. Pigs fed res t r ic ted ly 
The course of the daily protein and fat deposition in relation to bodyweight 
is presented in Figure 4.1. In all groups the daily protein deposition increased 
with increasing bodyweight from 25 to 95 kg. Males showed this increase most 
strikingly. They had a maximum deposition of about 180 g at a bodyweight of 
95 kg. The differences in fat deposition between the groups were smaller than 
for protein. The order of the groups in level of fat deposition was reversed to 
that for protein deposition. From 65-70 kg onwards the daily fat deposition in 
all groups increased more slowly. Between 85 and 95 kg no further increase in 
daily fat deposition was observed in males. 
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Fio. 4.1. Mean change in daily protein and fat deposition in restrictedly fed pigs. 
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The course of the daily protein and fat deposition in DY and DL pigs was 
compared within testing methods and within sexes. As in the combined est of 
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FIG. 4.2. Mean difference in daily protein and fat deposition between the breeds, DY and DL. 
the DY breed showed a significantly lower daily fat deposition than those of the 
DL breed. In males the difference in this trait was smallest between 40 and 50 
kg. Except for this range the fat deposition in DY was significantly lower than 
in DL males. 
Differences between sexes 
Sex differences in daily protein and fat deposition in relation to bodyweight 
were calculated within testing methods and within breeds. Therefore a compa-
rison of males and females followed from data of the combined test and a com-
parison of castrated males and females from the castrated males/females test. 
In Figure 4.3. the differences are presented. 
The differences in daily protein deposition between DL males and females 
Protein/day (g) 
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FIG. 4.3. Mean differences in daily protein and fat deposition between sexes. 
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were very small until 40 kg. In DY breed this difference increased almost 
linearly. At the end of the testing period the difference between males and 
females in both breeds was about 40 g per day. The difference in daily protein 
deposition between females and castrated males was smaller than between 
males and females. The difference was significant in DL from about 40 kg 
onwards and in DY from 75 kg. At the end of the testing period the difference 
between females and castrated males was about 7 g in DL and about 16 g in 
DY. 
The daily fat deposition in males was significantly lower in males than in 
females from 40 kg onwards. By the end of the fattening period the difference 
between males and females had increased to about 24 g in both breeds. The 
difference in daily fat deposition between females and castrated males was less 
than 2 grams in both breeds until 60 kg. Afterwards the difference increased 
rapidly until 7 g in DL and 10 g in DY at 90-95 kg. From about 50 kg onwards 
the fat deposition in DL breed was significantly lower in females than in castra-
ted males. In DY breed this difference was only significant from 80 kg onwards. ' 
4.2.1.2. Pigs fed ad libitum 
The course of the daily protein and fat deposition for these pigs is presented 
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FIG. 4.4. Mean change in daily protein and fat deposition in ad libitum fed pigs. 
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and small sires. The shape of the curves are quite similar for the two groups. 
The decrease in daily protein and fat deposition at 105 kg occurs at the same 
time 50% of the pigs were slaughtered. At 120 kg the protein deposition de-
creased rather rapidly. The increase in daily fat deposition was approximately 
linear until 65 kg to 370 g per day. Afterwards the daily fat deposition remained 
rather constant. 
4.2.2. Variation and some sources of variance in daily protein and fat deposition 
4.2.2.1. Pigs fed restrictedly 
The averages, standard deviations and coefficients of variation of daily 
protein and fat deposition in the whole testing period are presented in Table 
4.8. Differences in means between breeds were tested within testing methods 
and within sexes. The average daily protein deposition of males in performance 
testing and of females and castrated males in castrated males/females testing of 
' the DY breed were significantly higher than in the DL breed (p < 0.05). How-
ever fat deposition showed opposite results for these three groups (p < 0.005). 
Breed comparison by means of the combined test showed that only DY males 
had a higher daily protein deposition (p < 0.005). Sex differences were tested 
within breeds and testing methods. In DL breed, the differences in both traits 
between males and females and between castrated males and females were sig-
nificant (p < 0.05). In DY breed only the difference from 3.89 g in daily protein 
deposition between females and castrated males was not significant. 
Differences between breeds and between sexes were also estimated by means 
of least squares and Model 4.1. The contrasts between DL and DY and between 
sexes are presented in Table 4.9. All contrasts in this table were significant 
(p < 0.005). Components of variance were estimated for the effects in Model 
4.1 (Table 4.10). The difference in contribution to the total variance between 
TABLE 4.8. Averages, standard deviations and coefficients of variation of the computed 
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TABLE 4.9. Mean differences in daily protein and fat deposition between breeds and sexes. 
Differences Protein (g) Fat (g) 
DY-DL 
m-f 
m - cm 
f - cm 
TABLE 4.10. Relative contribution (%) to the total variance for daily protein and fat deposi-



























TABLE 4.11. Average daily protein and fat deposition of ad libitum fed 
First part of the fattening 
period 
Total fattening period 





























dam and sire component is striking. The estimated heritabilities for daily pro-
tein and fat deposition were 0.176 and 0.080. 
4.2.2.2. Pigs fed ad libitum 
Averages of the traits were calculated for the first 4 months of the fattening 
period, the total period and from 25-100 kg (Table 4.11). It follows from this 
table that the daily protein deposition in these pigs is about 33 % lower and the 
daily fat deposition 23 % higher than in the restrictedly fed pigs. The large 
standard deviations and the coefficients of variation for both traits proved to be 
caused by a testing period based on days on test. If the traits were calculated 
between 25 and 100 kg than the variation in protein deposition in the ad libitum 
fed pigs and the restrictedly fed pigs was rather similar. However the variation 
in fat deposition remained twice as much. 
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4.2.3. Phenotypic correlation coefficients between daily protein and fat deposition, 
and some growth and carcase traits 
4.2.3.1. Pigs fed res t r ic ted ly 
The values of the correlation coefficients between daily protein and fat depo-
sition, and some growth and carcase traits are presented in Tables 4.12 and 
4.13. It followed from these tables that the values of the correlation coefficients 
between daily protein and fat deposition and gain and feed traits were all sig-
nificant (p < 0.005) and mostly higher than 0.7. The values of the correlation 
coefficients between daily protein and fat deposition and carcase traits and the 
index values were partly significant and mostly lower than 0.4. Another general 
tendency from these tables was that the absolute values of the correlation co-
efficients between daily protein deposition and gain and feed traits were higher, 
and between daily protein deposition and carcase traits were lower than for 
daily fat deposition. 
Comparison of the values of the correlation coefficients within breeds and 
testing methods showed that the values in males were mostly lower than in 
females; those in females were mostly lower than in castrated males. However 
these sex differences were significant in 3 cases only. These were between DL 
females and castrated males. The correlation coefficients were between daily 
protein deposition and feed conversion (p < 0.01), daily protein deposition and 
net daily gain (p < 0.05) and between daily fat deposition and feed conversion 
(p < 0.01). 
No significant differences in correlation coefficients between the various 
traits in the two breeds were observed. 
4.2.3.2. Pigs fed ad l ib i tum 
The values of the correlation coefficients between daily protein and fat depo-
sition and daily gain, feed conversion and carcase traits are given in Table 4.14. 
The values of the correlation coefficients calculated during the first 4 months 
of the fattening period proved to be slightly higher in general than those esti-
mated during the whole period. Only the value of the correlation coefficient 
between daily fat deposition and feed conversion proved to be significant. 
There were some differences between the values of the correlation coefficients 
in restrictedly fed pigs and those in ad libitum fed pigs. Therefore Table 4.15 
gives the differences in values of the correlation coefficients, estimated in ad 
libitum fed DL females during the first part of the fattening period and in the 
restrictedly fed DL females. Testing the differences showed that almost all 
differences were significant. Especially striking are the higher values of the cor-
relation coefficients between daily protein deposition and quantity of meat and 
between fat deposition and backfat thickness. The value of the correlation co-
efficient between daily protein deposition and bodyweight gain decreased sig-
nificantly. The value of the correlation coefficient between daily protein depo-
sition and daily fat deposition was -0.808 in restrictedly fed females and 
+0.157 in ad libitum fed pigs. 
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TABLE 4.14. Values of the phenotypic correlation coefficients between protein and fat deposi-






















































df = 27 1 r > 0.31 
| r > 0.43 
p < 0.05 
p < 0.01 
TABLE 4.15. Difference in the values of correlation coefficients between daily protein and fat 
deposition, and daily gain, feed conversion and carcase traits for pigs fed restrictedly and ad 
libitum. 














































Daily gain (from cubic curve) 
Feed conversion 




Fat/day -0.808 0.157 
* p < 0.05 
** p < 0.01 
4.3. DISCUSSION 
KIELANOWSKI (1968 and 1972) and FOWLER et al. (1973) have stated that 
daily protein and fat deposition are important parameters for the selection for 
meat production traits in pigs. According to these authors, these parameters are 
more closely related to the aim of breeding than any others. FOWLER et al. (1973) 
defined this aim as increasing the quantity of protein from a given amount of 
feed. According to them the selection on bodyweight gain, feed conversion and 
carcase traits should be replaced by selection for lean tissue growth rate or 
lean tissue feed conversion. 
However it is not sufficient to select only for the highest amount of protein 
Meded. Landbouwhogeschool Wageningen 74-18 (1974) 53 
from a given amount of feed, as the following important aspects of meat pro-
duction are not included : 
- the aim of breeding is not only producing more protein but to increase the 
amount of edible parts or in other words to maximize the production of 
expensive edible parts; (Hence the amount of protein in skin, bristles, fatty 
tissue, bones, viscera and offal should be as small as possible. OSLAGE (1965) 
estimated the amount of protein in these parts at nearly 50 % of all protein.) 
- apart from the amount of protein there are qualitative traits that are impor-
tant in meat production, e.g. a minimum amount of intramuscular fat should 
be available; 
- the constitution of the producing animal should be taken into account ; no 
abnormalities in the metabolism in the muscle should occur. 
Therefore selection for daily protein and fat deposition cannot be considered 
as a complete alternative for index selection based on bodyweight gain, feed 
conversion and carcase traits. Daily protein and fat deposition may be very 
important as components in the selection index, because they take into account 
the differences in feed intake of the pig and the chemical composition of the 
carcase or parts of it. 
The relation of feed intake to bodyweight gain, feed conversion and carcase 
traits has been reviewed (cf. VANSCHOUBROEK et al., 1967; BRAUDE, 1972; 
DAVIES and LUCAS, 1972a, b). Daily bodyweight gain and backfat thickness 
will increase with increase of feed intake. The relation between feed conversion 
and feeding level is more complicated. Increasing a low feeding level will de-
crease the feed conversion, but a rise above a certain level (about 70-80 % of the 
ad libitum level) will cause an increase of the feed conversion. This curvilinear 
relation of these two parameters in caused mainly by two factors : 
- the maintenance part of feed intake necessary per kg bodyweight gain ; 
- the energy content per unit of bodyweight gain. 
If one plots the feed intake above maintenance against bodyweight gain (feed 
minus maintenance/bodyweight gain), there will be a continuous rise in pro-
ductive feed conversion. 
ZAGOZEN and SCHRÖDER (1970) found that using productive feed conversion 
instead of total feed conversion increased the values of the correlation coeffi-
cients between feed conversion and carcase traits by 20 % to 25 %. When feeding 
was ad libitum this increase was higher than with restricted feeding. The same 
tendency was found by FOWLER (1966). 
When the productive feed conversions of pigs have to be compared, it is 
necessary to know the relation between the mean daily bodyweight gain and 
mean production feed. Then pigs which excel in that respect can be chosen for 
reproduction. Minimum limits for feed intake should be set because there 
exist large differences in feed intake between and within breeds (BAUMGARDT, 
1969). The differences in bodyweight gain with the same amount of productive 
feed are mainly caused by differences in the proportions of fat and protein de-
posited. From the results of KOTARBINSKA (1968) and VAN ES (1970) who found 
that per g protein about 3 g water were also deposited and that fat gain partly 
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replaces the water gain, it is clear that muscle gain is about three times as effi-
cient as fat gain. 
In the present investigations it was studied whether the traits, protein and fat 
deposition, are usable parameters for the selection towards a better suitability 
for meat production. In Chapter 3, a number of equations with which the pro-
tein and fat deposition can be calculated were tested. Data obtained from ad 
libitum fed pigs and from restrictedly fed pigs (data from a testing station) were 
used to calculate : 
- the course of daily protein and fat deposition in relation to body weight; 
- the variation in daily protein and fat deposition between pigs ; 
- the relation between daily protein and fat deposition and daily bodyweight 
gain, feed conversion and carcase traits. 
Daily protein and fat deposition 
From the literature data it is clear that daily protein deposition increases in 
the first part of the fattening period and decreases in the latter part. The litera-
ture is not consistent about the weight at which the decrease starts. GÄDEKEN 
(1971) stated that selection for bodyweight gain and meat production has in-
creased the bodyweight at which the decrease in protein deposition starts. 
Moreover the protein increases more in the first part and towards a higher 
weight in males and females than in castrated males. The results from restrict-
edly fed pigs found in this study and given in Figure 4.1, are in good agreement 
with data given in the literature. 
The differences between females and castrated males, however, are smaller 
and occurred at a higher weight than in the results published by LUDVIGSEN 
and THORBEK (1955), PIATKOWSKI and JUNG (1966), and JUST NIELSEN (1970). 
KIELANOWSKI (1972b) suggested that the maintenance requirement for fast 
growing animals is higher than other animals. Then in females the computed 
protein deposition was relatively lower than in males because of this under-
estimation of maintenance. Computed fat deposition was higher on the other 
hand. This may -explain why the difference in protein deposition between 
females and castrated males found in this study was smaller and occurred at a 
higher bodyweight than in the literature. 
From 50 kg bodyweight onwards the differences between the breeds Dutch 
Landrace and Dutch Yorkshire were significant. This finding agreed well with 
the fact that the Large White and Yorkshire breeds usually have a somewhat 
higher daily bodyweight gain than the Landrace types. As far as is known the 
N balances of these breeds have not been compared. 
The course of protein and fat deposition in ad libitum fed pigs was different 
from that in restrictedly fed pigs. Between 40 and 100 kg bodyweight the daily 
protein deposition was constant and the maximum deposition was about 90 g 
per day. From the literature it was expected that the protein deposition in ad 
libitum fed pigs would be at least as high as in restrictedly fed pigs. Two factors, 
however, may have contributed to the level of protein deposition. Firstly the 
wastage of feed has not been taken into account. Secondly the maintenance 
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requirement of the restrictedly fed pigs housed singly and the ad libitum fed 
pigs housed in groups is assumed to be the same. The activity of the pigs housed 
in groups especially during the weighing, may have caused an underestimation 
of maintenance and thus also an underestimation of protein deposition. On the 
other hand the fat deposition is then overestimated. At about 100 kg the activity 
would have had an influence because some pigs reached sexual maturity around 
100 kg and showed oestrus. In the next part the effect of wastage will be dis-
cussed. 
Fat deposition increased linearly up to 70 kg bodyweight in ad libitum fed 
pigs. From 70 kg bodyweight onwards, the fat deposition remained fairly 
constant, whereas in the reviewed literature the fat gain continued to increase up 
to 90-100 kg bodyweight. This difference in results is caused by the feed intake 
which in this study remained nearly constant from 70 kg onwards. In the litera-
ture, however, feeding level increased above 70 kg bodyweight. 
Variation in daily protein and fat deposition 
It has already been discussed that protein and fat deposition may be used in 
a selection index for suitability for meat production. These traits should be 
replacements for daily bodyweight gain and feed conversion. One very essential 
point is that any trait used for selection should have variation because the effect 
of selection is proportional to this variation. The coefficient of variation may be 
used as index for this variation. 
In Table 4.16 the various coefficients of variation for the traits of the restrict-
edly fed pigs per breed, per testing method and per sex have been given. The 
traits involved are daily protein deposition, daily fat deposition, daily gain and 
feed conversion. This table shows that the coefficient of variation for protein 
deposition is 1.6 times as high as that for daily gain and feed conversion. The 
coefficient of variation for fat deposition, however, is about 30 % less than for 
TABLE 4.16. Coefficient of variation (%) of the traits: daily protein deposition, daily fat 
deposition, daily gain and feed conversion. 



























































feed conversion and daily gain. In pigs fed ad libitum the coefficient of variation 
for daily protein deposition was about 17% and for fat deposition 22%. They 
were the same in the first part of the fattening period and over the whole fat-
tening period. Calculated over the weight range 25 to 100 kg, these coefficients 
of variation were 7.82% and 9.71% for daily protein and fat deposition, 
respectively. These differences in coefficients of variation may be because the 
fattening period was based on age instead of weight and the weight range 
varied between the groups of pigs. The initial weight of the groups was 16.3 kg 
( ± 2.34) and the final weight was 106.0 kg ( ± 7.62). 
In the literature no coefficients of variation of daily protein and fat deposition 
have been given. From the investigations of PIATKOWSKI and JUNG (1966), it 
was calculated that the coefficient of variation of protein deposition in males, 
castrated males and females was 7.41%, 6.85%, and 5.27%, respectively (15 
animals per sex). Calculations from JUST NIELSEN'S (1970) data on chemical 
composition of the empty body of 80 pigs showed that the coefficients of varia-
tion in daily protein and fat deposition were 7.44% and 17.18%, respectively. 
The variation in fat deposition was higher than in protein deposition. This 
difference may have been caused by the variation in slaughter weight, mean 
90.9 kg, s.d. 4.02 kg. This may be seen in Figure 2.2, which shows that fat 
deposition was highest between 80 and 95 kg bodyweight. 
The differences in protein deposition between Dutch Landrace (DL) and 
Dutch Yorkshire (DY) were nearly all significant. GÄDEKEN (1971), however, 
concluded that between white-skinned breeds hardly any differences in daily 
protein deposition exist. But there is evidence that DY may have more meat 
than DL. However ham and eye muscle percentage are about 1 % higher in DL 
(KROES, 1969). Therefore the meat quantity in the other parts should be higher 
in DY than in DL. It can be concluded that the proportions of muscle in differ-
ent parts of the body are not the same in DL as in DY. This statement is sup-
ported by MINKEMA et al. (1974) who found more shoulder meat in DY than in 
DL (p *s 0.055). 
KIELANOWSKI (1972) estimated that males deposit 35% more protein than 
castrated males, FARRIES and KALLWEIT (1969) estimated this difference at 
30% and PIATKOWSKI and JUNG (1966) at 28%; in this investigation 17% was 
found. Also females deposit more protein than castrated males: 14% (KIELA-
NOWSKI, 1972), 11 % (PIATKOWSKI and JUNG, 1966) and 3% (in this investiga-
tion). It has been pointed out before that the maintenance requirement may be 
higher in more meat-type pigs. Therefore the small difference in calculated 
protein deposition between sexes in this investigation may be less than in the 
literature data. It has been examined whether the productive feed intake with 
restricted feeding has differed between the sexes. The maximum difference 
found was 30 g between the groups. Moreover the feed intake in males was 
lower than in females and castrated males. These differences would have caused 
a difference of about 1 to 2 g in protein deposition between sexes. 
Ad libitum fed animals (DL-females) deposited 12% less protein and 32% 
more fat than restrictedly fed females in the weight range 25-100 kg. On the 
Meded. Landbouwhogeschool Wageningen 74-18 (1974) 57 
basis of the literature the ad libitum fed pigs should retain at least as much 
protein as the restrictedly fed pigs. The feed intake in the period 25-100 kg was 
2.58 kg in ad libitum fed pigs and 2.21 kg in restrictedly fed (DL) females. How-
ever wastage of feed from the self-feeders was not taken into account. Wastage 
will cause a reduction in productive feed and thus in energy gain. Equations 
2.18 and 2.12 show that protein deposition would be estimated higher and fat 
deposition less if wastage was subtracted. Per % of reduced feed the calculated 
protein deposition will increase linearly by 1.26 g and fat deposition will de-
crease linearly by 5.85 g. It is generally accepted that some % of feed is wasted 
in a system of ad libitum feeding from a self-feeder. Thus there may be an under-
estimation of protein deposition and overestimation of fat deposition caused 
by wastage. VAN ES (1971) and also FOWLER and LIVINGSTONE (1972) have 
shown that a higher feeding level will increase the amount of intramuscular fat 
so that the value of LÄM/protein will decrease. This may also cause a systematic 
underestimation of protein deposition. 
Heritability is an important parameter in selection. In the pigs fed restrictedly, 
the heritabilities computed for daily protein and fat deposition were 0.176 and 
0.080, respectively. For daily gain, feed conversion and backfat thickness the 
heritability was 0.249, 0.231 and 0.545, respectively. These three latter values 
are in good agreement with data from the literature (cf. FLOCK, 1968). Although 
the data used was limited, the perspectives for the values of the heritability of 
calculated protein and fat deposition are not very good. When better equations 
are available to compute protein and fat deposition, new calculations should be 
done. As far as is known, only MORE O'FERRALL and TIMON (1968) have esti-
mated heritabilities of protein and fat deposition. From a selection experiment 
over 12 generations of mice they found a realized heritability of 0.09 ( ± 0.09) 
for protein and of 0.35 ( ± 0.10) for fat. 
Relation between protein and fat deposition, daily gain, feed conversion and carcase 
traits 
The values of the phenotypic correlation coefficients of protein and fat deposi-
tion with daily gain, feed conversion and carcase traits are given in Tables 4.12 
and 4.13 (restrictedly fed pigs) and in Table 4.14 (ad libitum fed pigs). When 
the results from ad libitum fed pigs are interpreted it should be kept in mind 
that there is only a small number of groups (29). Moreover it cannot be quanti-
fied how much the results are influenced by a difference in specific environment 
per pen (wastage, activity, size of groups etc.). 
The value of the correlation coefficient between daily gain and protein depo-
sition would be very high (nearly 1) if the amount of feed above maintenance 
is the same for all animals at the same weight. This is true because a more rapid 
growth with the same amount of feed at the same liveweight can nearly only be 
caused by a higher protein deposition. 
According to VAN ES (1972), the variation in maintenance requirement seems 
to be limited and the costs of synthesizing protein and fat is considered to be 
independent of feeding level and stage in the fattening period. The restrictedly 
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fed pigs used in this study were fed according to weight (see Table 4.1) and the 
calculations done showed that there was hardly any difference in the amount of 
productive metabolizable energy (MEP). Therefore the high values of the corre-
lation coefficients between protein and fat deposition and gain and feed traits in 
the restrictedly fed pigs can be explained mainly from the feeding system. 
If it is assumed that in pigs fed according to bodyweight, daily gain and pro-
tein deposition are nearly the same kind of trait and the same is true for daily 
fat deposition and feed conversion, then the values of the correlation coeffi-
cients between carcase traits and protein and fat deposition are also nearly the 
same as those found for daily gain and feed conversion. In fact these values 
were nearly the same and also in good agreement with values found in the 
literature (FLOCK, 1968; METZ and POLITIEK, 1969). 
If the feeding level varies continuously, the ratio of protein to fat will change 
continuously (DAVIES and LUCAS, 1972 a, b). Therefore the values of correlation 
coefficients will differ according to the feeding level applied. By analysing data 
from the energy and N balances, the dependency of the values of correlation 
coefficients on feeding level could be shown. The results of this analysis are 
given in Table 4.17'and they agree well with the results obtained for the ad 
libitum fed pigs (given in Table 4.14). From the literature it is clear that the 
protein deposition changes very little with feeding level above a certain amount 
of feed whereas fat deposition increases continuously with feeding level. The 
small values of correlation coefficients between protein deposition and fat 
deposition agrees very well with this finding (KIELANOWSKI, 1972). A negative 
value of the correlation coefficient between fat and protein deposition may be 
found if pigs with the highest protein deposition have a lower feeding level. 
The values of the correlation coefficients between protein deposition and meat 
and also between fat deposition and 'fat-cuts' were higher in ad libitum fed pigs 
than in restrictedly fed pigs. This may be caused partly by the much greater 
variation in weight at slaughter in ad libitum fed pigs than in restrictedly fed 
pigs. However also ZAGOZEN and SCHRÖDER (1970) found higher values of the 
correlation coefficients between productive feed conversion and carcase traits 
in ad libitum fed pigs than in restricted fed pigs. 
TABLE 4.17. Values of correlation coefficients between daily gain, and daily protein and fat 
deposition. 
Data Protein Fat 
BREIREM (1935) 
LUND (1938) 
LUDViGSEN and THORBEK (1955) 












VERSTEGEN et al. (1973) 0.466 0.502 
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5. SUMMARY 
In pig breeding it is quite common to select for bodyweight gain, feed con-
version and slaughter quality. Various values have been found by different 
research-workers for the relationships between these traits. These differences in 
values have mainly been caused by differences between feeding levels and by 
those between chemical composition of carcases. Protein and fat deposition 
can be calculated from bodyweight gain and feed intake; these traits would 
take into account differences in feeding level and. chemical composition of 
carcases better than bodyweight gain and feed conversion do. 
Therefore an investigation was done 
- to find out how precisely protein and fat deposition could be predicted from 
bodyweight gain, bodyweight and feed intake, and 
- to study the variation in protein and fat deposition at restricted and ad libitum 
feeding and the relation between these factors, growth and carcase traits. 
For the calculation of protein and fat deposition three models were obtained 
from data in the literature (EBC, EBK and MEK models - Section 2.3). These 
models were based on physiological data connected with bodyweight and feed 
utilization (maintenance, protein and fat deposition). 
In the MEK model it was assumed that all ME was used for maintenance, 
protein and fat deposition according to the following equation: 
ME = MEM + cAP+ dAF. 
The EBC and EBK models started from the energy balance : 
EB = 5.7 AP + 9.46 AF. 
In order to estimate the amount oTMEP or EB that was used for protein and 
fat deposition, respectively, the research-workers calculated from literature or 
their own data the relationships between the components of growth. EB was 
calculated from ME using the equation 
EB = (ME - MEM) x efficiency. 
The equations that were used to calculate protein (AP) and fat (AF) deposi-
tion in the EBC, EBK and MEK models, were: 
EBC model EBK model MEK model 
AP P'pw EB~9A^PWF EB-9A6ALE dALE-(ME-MEM) 
1
 5JP/PW-9A6 5.7-9A6K dK-c 
AF EB~5-1AP EB-5.1AP ME-MEM~cAP 
9.46 9.46 " d 
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In these models 4 factors were varied : 
- maintenance requirement: 80, 100 or 120 kcal ME/kg314-; 
- efficiency for synthesizing protein and fat from MEP. For the EBC and EBK 
models the same figure was assumed for protein as for fat: 0.55, 0.65 or 0.75. In 
the MEK model the ME costs (kcal/g) for synthesizing protein and fat were 
assumed to be: 16 and 13, 13 and 13, or 11.4 and 12.6; 
- the ratio protein to protein + water in the EBC model: a constant value was 
assumed or a value was calculated from the amount of protein and water at 
each bodyweight. These amounts have been estimated using allometric equa-
tions; 
- the amounts of protein, water and fat gain (in the EBC model) or the amount 
of bodyweight gain minus gut fill (in the EBK and MEK models). The alter-
native values of this factor have been obtained using linear or allometric equa-
tions between bodyweight and the amounts of ash and gut fill or gut fill. 
The equations or values used for calculating the values of the 4 factors are 
shown in Table 3.4. 
To judge the precision of the prediction of protein and fat deposition the fol-
lowing 4 traits were calculated : 
- the level of protein and fat deposition; 
- the values of correlation coefficients between calculated and found protein 
and fat deposition. 
The data used consisted of energy and N balances from 6 different investiga-
tions, and results of chemical analysis of the empty body of pigs. In addition, 
bodyweight gain was estimated using a cubic curve in 3 sets of data mentioned 
above. Thus, totally 10 sets of data were available for the computations. For 
the computations the values of correlation coefficients between calculated and 
found protein and fat deposition were transformed by the Z transformation of 
FISHER. 
With the statistical Model 3.1, the following effects were tested for each 
trait and each model: 
- differences between sets of data, 
- differences between factors, and 
- differences between models. 
The level of the four traits differed considerably between the various sets of 
data (Tables 3.5 and 3.7). In addition the interaction between data and factors 
was always significant. These interactions are also shown in Table 3.6 by the 
great differences between sets of data for the values of regression coefficients 
of the traits on the factors. The differences between sets of data might be caused 
by: 
- differences between feeding level, feed composition, sex or breed; 
- systematic differences between experimental procedures used by the research-
workers for energy and N balances, weighings etc. 
Computation of bodyweight gain from a cubic curve doubled the value of 
the correlation coefficient between calculated and found protein deposition in 
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JUST NIELSEN'S data, compared with those, found by using the weight gain ob-
tained from linear interpolation between 2 weighings. Using a cubic curve, in 
LUDVIGSEN and THORBEK'S data the same value of correlation coefficient was 
found, and in BREIREM'S data a lower value, compared with those obtained by cal-
culating bodyweight gain from linear interpolation. The value of the correlation 
coefficient between calculated and found fat deposition in JUST NIELSEN'S data 
was 0.970, using data from energy balances, compared with 0.257 using chemical 
analysis of the empty body. With reference to JUST NIELSEN (1970), it has been 
stated that more data are necessary to be sure about the value and precision of 
results from energy and N balances or from comparative slaughter techniques. 
It has been indicated that the interactions between factors and sets of data 
have been partly caused by systematic differences in the various sets of data 
between bodyweights of the pigs (Table 3.14). 
The relative contribution of the variance in calculated protein and fat deposi-
tion to differences between sets of data was 60 to 70 % in the three models ; the 
relative contribution to this effect by the variance in the value of correlation 
coefficients between calculated and found protein and fat deposition was 95 to 
99% (Table 3.8). The relative contribution of the variance in protein and fat 
deposition to the factors, maintenance and efficiency was - excluding protein 
deposition in the MEK Model - considerably higher than their contribution to 
the other two factors. 
If a higher maintenance requirement, a lower efficiency or a greater amount 
of water in the bodyweight gain were considered, the protein deposition and the 
value of the correlation coefficient between calculated and found protein deposi-
tion increased; however, then the fat deposition and the value of correlation 
coefficient between calculated and found fat deposition decreased (Tables 3.6 
and 3.15). These changes in protein and fat deposition follow from the equa-
tions in Section 2.3, but they can also be explained by the difference between 
energy content of protein and fat. The changes in the values of correlation 
coefficients between calculated and found protein and fat deposition has been 
explained by a non-linear relationship between calculated and found protein 
and fat deposition. 
It is doubtful, whether the highest values of the correlation coefficients 
between calculated and found protein deposition also gave the best prediction 
of these traits. 
There were only small differences between the 3 models (Table 3.10). The 
value of 4.6838 for LBM/protein in the EBK and MEK models was lower than 
it should be, if based on the average bodyweight of the pigs in the various sets of 
data. Therefore with this value, protein deposition was overestimated and fat 
deposition was underestimated. The values of correlation coefficients between 
calculated and found protein deposition were significantly lower in the MEK 
model than in the EBC and EBK models. 
The equations used for the calculation of protein and fat deposition in 
Chapter 4 were based on the EBK model. To make a choice between the differ-
ent combinations of the 4 factors it was assumed that: 
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- maintenance requirement is 100 kcal ME/kg31*, 
- protein deposition using N balances was overestimated by 15.5%, and 
- 'real' EB was:.9.46 AF(found) + 5.7 (1-0.845) AP (found). 
If this 'real' EB was taken into account, a value of 0.62 for the factor efficiency 
was obtained. For the factor ZJ?M/protein the value was used, that was obtained 
at each bodyweight from the bodyweight and the amount of fat, gut fill and 
protein, using allometric equations (Table 3.3). ALE was calculated from the 
bodyweight and amount of gut fill changing linearly in relation to weight. 
The variation in protein and fat deposition and the relation between these 
traits, growth and carcase traits were investigated in pigs fed restrictedly and ad 
libitum. The data of the restrictedly fed pigs were obtained from 356 males, 
540 castrated males and 770 females of the DL and DY breeds (Table 4.2). The 
data of the ad libitum fed pigs were obtained from 29 progeny groups (4 to 9 
DL females per group) of sires (Table 4.4). The restrictedly fed pigs were tested 
from 25 to 100 kg bodyweight, and the feed was adjusted according to live-
weight (Table 4.1). The ad libitum fed pigs got the same ration. They were 
fattened - starting at an age of about 9 weeks - for 4 or 6 months. The pigs 
were divided at random between treatments within litters and within pens. The 
bodyweight at each day was computed using a cubic curve. For the restrictedly 
fed pigs it was assumed that the feeding level was proportional to the feeding 
schedule advised (Table 4.1). For the ad libitum fed pigs the daily feed intake 
was computed from the weekly intakes by the method of 'parabolic splines'. 
The course of protein and fat deposition of restrictedly fed males, females and 
castrated males in relation to bodyweight was in rather good agreement with 
the data in literature (Figure 4.1). The protein deposition in castrated males and 
females of the DL breed was significantly lower than those in the DY breed 
from about 45 kg onwards; in males of DL breed the protein deposition was 
lower during the whole testing period. At the end of the testing period the 
difference between males and females was about +40 g protein per day. At that 
moment the difference between females and castrated males was +7 g protein 
in the DL breed and +16 g in the DY breed. The average difference between 
breeds and between sexes for the whole testing period are given in Table 4.9. 
The average daily protein deposition was 7.53 g higher in the DY breed than it 
was in the DL breed, and the fat deposition was 4.90 g lower in the DY breed. 
The differences between sexes were smaller than those mentioned in the litera-
ture. Probably, these smaller differences were partly caused by an underestima-
tion of maintenance in pigs with a higher protein deposition. In ad libitum fed 
pigs the average daily protein deposition was about 25% lower than in re-
strictedly fed pigs, and the daily fat deposition was about 25 % higher (Tables 
4.8 and 4.11). These differences could be partly attributed to wastage of feed 
with self-feeders, by differences in activity between restrictedly fed pigs (housed 
individually) and the ad libitum fed pigs (housed in groups) and the possible 
influence of the feeding level on the ratio LBM to protein. 
The coefficients of variation of daily protein deposition was 1.6 times higher 
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than those of bodyweight gain and feeding level; the coefficients of variation 
of daily fat deposition were 30 % lower. The values of the heritabilities of pro-
tein and fat deposition were 0.176 and 0.080. These values computed for the 
traits bodyweight gain, feed conversion and backfat thickness were 0.249, 
0.231 and 0.545, respectively. 
The values of correlation coefficients between protein deposition and body-
weight gain in restrictedly fed pigs were nearly + 1 . It was argued that these 
values were to be expected when the feeding schedule was according to body-
weight. The values of correlation coefficients between bodyweight gain and 
feed conversion, and carcase traits were nearly the same compared with those 
between protein and fat deposition, and carcase traits (Tables 4.12 and 4.13). 
The values of correlation coefficients between protein deposition, fat deposition, 
bodyweight gain and feed conversion in ad libitum fed pigs were significantly 
lower than those in restrictedly fed pigs (Table 4.15). The value of the correla-
tion coefficient between bodyweight gain and protein deposition in ad libitum 
fed pigs was in rather good agreement with the value found in literature (Table 
4.17). The value of correlation coefficient between protein deposition and lean 
cuts (0.743) and this between fat deposition and backfat thickness (0.796) in ad 
libitum fed pigs were significantly higher than those in restrictedly fed pigs. 
However one should keep in mind that only 29 groups of pigs were fattened ad 
libitum. To make clear the variation in protein and fat deposition and the 
relationships between these traits and bodyweight gain, feed conversion and 
carcase traits, it is necessary to collect more energy and N balances of pigs fed 
individually and at various feeding levels. 
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6. SAMENVATTING 
In de varkensfokkerij is het gebruikelijk te selecteren op groei, voederver-
bruik en slachtkwaliteit. Voor de relaties tussen deze kenmerken worden door 
de diverse onderzoekers variërende waarden gevonden. Als oorzaken voor deze 
verschillen moeten zowel verschillen in voerniveau tussen varkens of groepen 
varkens als ook verschillen in chemische samenstelling tussen de karkassen ver-
antwoordelijk worden gesteld. Eiwit- en vetaanzet zouden berekend kunnen 
worden uit de groei en voeropname, en deze kenmerken zouden méér dan groei 
en voederverbruik rekening houden met verschillen in voeropname en chemische 
samenstelling. 
Daarom werd een onderzoek verricht om na te gaan : 
- hoe nauwkeurig eiwit- en vetaanzet uit groei en voeropname kunnen worden 
berekend; 
- welke variatie de kenmerken eiwit- en vetaanzet vertonen zowel bij ad libitum 
als beperkt gevoerde varkens, alsook hoe de relatie is tussen deze kenmerken 
en groei, voederverbruik en slachtkwaliteit. 
Voor het berekenen van de eiwit- en vetaanzet uit groei en voeropname 
werden een drietal modellen verkregen aan de hand van literatuurgegevens 
(EBC-, EBK-, en MEK-model - hoofdstuk 2.3). Deze modellen waren geba-
seerd op het inpassen van min of meer bekende en aanvaarde fysiologische ken-
getallen, verband houdende met de groei en de voerbesteding. Er werd afgezien 
van het gebruik van multiple regressivergelijkingen of allometrische vergelij-
kingen voor het berekenen van de eiwit- en vetaanzet, omdat - in navolging 
van wat geschiedde ten aanzien van de voederwaardebepaling, het vaststellen 
van voedernormen en het vinden van een optimaal stalklimaat - het testen van 
de bruikbaarheid van o.a. energie- en N-balansen voor de varkensfokkerij hoofd-
doel was. Daarnaast biedt het gebruik van fysiologische kengetallen het voor-
deel dat voor verschillen in milieu-omstandigheden tussen groepen dieren kan 
worden gecorrigeerd, indien de relaties tussen voederbenutting enerzijds en 
voerniveau en stalklimaat en huisvestingsomstandigheden anderzijds, bekend 
zijn. 
Het opgestelde MEK-model ging uit van de opgenomen hoeveelheid beschik-
bare energie, en een toedeling ervan naar onderhoud, eiwit en vet volgens de 
volgende vergelijking: 
ME = MEM + cAP + dAF 
Het EBC- en EBK-model gingen uit van de energiebalans: 
EB = 5,7 AP + 9,46 AF 
Om de toedeling van MEP resp. EB naar eiwit en vet te kunnen schatten werd 
door de onderzoekers gebruik gemaakt van uit de literatuur of uit eigen onder-
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zoek berekende relaties tussen de componenten van de groei onderling. De EB 
werd uit de ME berekend volgens de vergelijking: 
EB = (ME - MEM) X efficiëntie. 
De vergelijkingen welke werden gebruikt voor het berekenen van de eiwit-
(AP) en vetaanzet (AF) in het EBC-, EBK- en MEK-model, waren: 
EBC-model EBK-model MEK-model 
EB-9,46APWF EB-9,A6ALE dALE-(ME-MEM) 
AP PI PW
 5jp/PW_9>46 5,7-9,46K dK-c 
EB-5,7 AP EB-5,1 AP ME-MEM-cAP 
AP 
9,46 9,46 d 
In de modellen werden 4 faktoren gevarieerd, en wel : 
- de onderhoudsbehoefte: 80, 100 of 120 kcal ME/kg314; 
- de efficiëntie, waarmee eiwit en vet worden gevormd uit MEP. In het EBC- en 
EBK-model werd eenzelfde efficiëntie voor eiwit en vet verondersteld: 0,55, 
0,65 of 0,75. In het MEK-model werden de volgende ME-behoeften (kcal/ 
gram) voor de vorming van eiwit resp. vet getoetst: 16, en 13, 13 en 13, en 11,4 
en 12,6. 
- de verhouding eiwit - eiwit + water in het EBC-model : constant óf door op 
elk gewicht via een allometrische vergelijking in relatie tot het gewicht, de 
componenten eiwit en water te schatten en vervolgens de verhouding te bereke-
nen. In het EBK- en MEK-model werden als waarden voor LBM/dwit (K) ge-
toetst : een constante waarde, óf door op elk gewicht de hoeveelheid LBM en 
eiwit via allometrische vergelijkingen in relatie tot het gewicht te schatten, en 
vervolgens de verhouding te berekenen; 
- de hoeveelheid van de gewichtstoename, die terecht komt in eiwit, water en 
vet (EBC-model) of de toename van het gewicht min darminhoud (EBK- en 
MEK-model). De alternatieve waarden voor deze factor werden verkregen door 
de hoeveelheden as en darminhoud of de hoeveelheid darminhoud via lineaire 
relaties met het gewicht of via allometrische vergelijkingen te schatten. 
Per model werden dus 36 combinaties van factoren onderzocht. De vergelij-
kingen en de waarden, die werden gebruikt voor het berekenen van de waarden 
van de 4 factoren zijn weergegeven in tabel 3.4. 
De nauwkeurigheid waarmee eiwit- en vetaanzet berekend kunnen worden 
uit de groei en de voeropname, werd beoordeeld aan : 
- het niveau van de berekende eiwit- en vetaanzet; 
- de waarden van de correlatiecoëfficiënten tussen berekende en bepaalde 
eiwitaanzet en die tussen berekende en bepaalde vetaanzet. 
Het materiaal dat werd gebruikt bestond uit energie- en 7V-balansen, afkom-
stig uit 6 verschillende onderzoekingen, en uit chemische analyses van gehomo-
geniseerde varkens. Verder was het mogelijk in 3 van de 6 groepen gegevens de 
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groei van de varkens via een derdemachtscurve te berekenen. Het was gebleken, 
dat het gewicht op een bepaalde dag hierdoor nauwkeuriger kon worden ge-
schat (tabel 4.6). Deze nauwkeurigheid was met name van belang omdat energie-
en N-balansen meestal op korte gewichtstrajecten betrekking hebben. In totaal 
werd dus aan de hand van 10 materialen de nauwkeurigheid voor de bereke-
ningen van de eiwit- en vetaanzet getoetst. 
Ten behoeve van de analyse werden de waarden van de correlatiecoëfficiënten 
tussen berekende en bepaalde eiwit- en vetaanzet getransformeerd via de Z-
transformatie van FISHER. 
Achtereenvolgens werden per model voor de 4 kenmerken: de berekende 
eiwit- en vetaanzet en de waarden van de correlatiecoëfficiënten tussen bere-
kende en bepaalde eiwit- en vetaanzet, onderzocht (model 3.1): 
- de verschillen tussen materialen, zowel t.a.v. het niveau van de kenmerken als 
t.a.v. de interactie tussen materialen en factoren, 
- de verschillen tussen factoren, en 
- de verschillen tussen modellen. 
Het niveau van de 4 kenmerken bleek per materiaal aanzienlijk te verschillen 
(tabel 3.5 en 3.7). Ook de interactieterm tussen materialen en factoren was steeds 
significant. Het bestaan van deze interactieterm werd ook geïllustreerd door de 
grote verschillen per materiaal tussen de waarden van de regressiecoëfficiënten 
van de 4 kenmerken op de 4 factoren (tabel 3.6). Als oorzaken voor de verschil-
len tussen materialen werden genoemd : 
- verschillen in voerniveau, voersamenstelling, ras en geslacht; 
- systematische verschillen in methodiek tussen de onderzoekers bij het ver-
zamelen van de energie- en jV-balansen, gewichten, etc. 
Het bepalen van de groei per dag door interpolatie van de gewichten via een 
derdemachtscurve bleek in het materiaal van JUST NIELSEN (1970) de waarde 
van de correlatiecoëfficiënt tussen berekende en bepaalde eiwitaanzet te ver-
dubbelen; in het materiaal van LUDVIGSEN en THORBEK (1955) bleek het werken 
met de oorspronkelijke groeicijfers en de groei bepaald via een derdemacht, 
geen verschillen te geven voor de waarde van de correlatiecoëfficiënt, terwijl in 
de cijfers van BREIREM (1935) een lagere waarde werd gevonden via deze laatste 
methode. De waarde van de correlatiecoëfficiënt tussen berekende en de via 
energiebalans bepaalde vetaanzet bedroeg 0,970 in het materiaal van JUST 
NIELSEN (1970), en die tussen de berekende en via chemische analyse van geho-
mogeniseerde varkens gevonden vetaanzet 0,257. Refererend aan een overzicht, 
gegeven door JUST NIELSEN (1970) over het verschil tussen energie- en N-
balansen en vergelijkende slachtproeven werd gesteld dat meer gegevens ver-
zameld moeten worden om inzicht te krijgen in de waarde en nauwkeurigheid 
van beide technieken. 
Aangetoond werd dat de gevonden interactie tussen factoren en materialen 
voor een deel is veroorzaakt door systematische verschillen in gewicht van de 
varkens in de verschillende materialen (tabel 3.14). Omdat alle varkens naar ge-
wicht werden gevoerd, kon ook de interactie tussen materialen en efficiëntie ten 
dele aan gewichtsverschillen worden toegeschreven. 
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De relatieve bijdrage van het materiaaleffect aan de totale variantie in bere-
kende eiwit- en vetaanzet was 60 tot 70% in de 3 modellen; de relatieve bijdra-
ge van dit effect aan de totale variantie in de waarden van de correlatiecoëffi-
ciënten tussen de berekende en bepaalde eiwit- en vetaanzet was zelfs 95 tot 99 % 
(tabel 3.8). De bijdrage van de factoren, onderhoud en efficiëntie, aan de totale 
variantie in berekende eiwit- en vetaanzet was - uitgezonderd berekende eiwit-
aanzet in het MEK-model - aanzienlijk groter dan die voor de beide andere 
factoren. 
Het in rekening brengen van een hogere onderhoudsbehoefte, het dalen van 
de efficiëntie, en het verminderen van de hoeveelheid water in de gewichtstoe-
name, verhoogden het niveau van de eiwitaanzet en de waarde van de correla-
tiecoëfficiënt tussen berekende en bepaalde eiwitaanzet (tabel 3.6 en 3.15). Met 
betrekking tot de berekende vetaanzet en de waarde van de correlatiecoëfficiënt 
tussen berekende en bepaalde vetaanzet werd het omgekeerde gevonden. Deze 
verandering van de berekende eiwit- en vetaanzet volgt uit de vergelijkingen in 
hoofdstuk 2.3, en is ook verklaarbaar uit het verschil in energie-inhoud voor 
eiwit en vet. De verandering van de waarden van de correlatiecoëfficiënten tus-
sen berekende en bepaalde eiwit- en vetaanzet werd verklaard uit de niet-lineaire 
relatie tussen berekende en bepaalde eiwit- en vetaanzet. Gesteld is, dat het dis-
cutabel is, of de hoogste waarde van de correlatiecoëfficiënt tussen berekende 
en bepaalde eiwit- en vetaanzet samengaat met de beste aanpassing. 
De verschillen tussen de 3 modellen waren vrij gering (tabel 3.10). De waarde 
4,6838 voor de LBM/tiwit in het EBK- en MEK-model bleek lager te zijn dan 
op grond van het gemiddelde gewicht van de varkens in het onderzoek mocht 
worden verwacht. Dit had een overschatting van de eiwitaanzet en een onder-
schatting van de vetaanzet tot gevolg. De waarde voor de correlatiecoëfficiënt 
tussen berekende en bepaalde eiwitaanzet in het MEK-model bleek significant 
lager te zijn dan die in het EBC- en EBK-model. 
Voor de in hoofdstuk 4 gebruikte vergelijkingen voor het berekenen van de 
eiwit- en vetaanzet werd een combinatie van de 4 factoren gekozen binnen het 
EBK-model. Voor deze keuze werd gesteld : 
- de onderhoudsbehoefte bedraagt 100 kcal ME/kg3'*; 
- de eiwitaanzet wordt via de ./V-balans met 15,5% overschat; 
- de 'werkelijke' EB heeft bedragen 9,46 AF (bepaald) + 5,7 (1-0,845) AP (be-
paald). 
Het in rekening brengen van deze 'werkelijke' EB resulteerde in een efficiëntie 
van 0,62. Voor de LBM/e'mit werd gekozen voor de waarde, die op elk gewicht 
werd verkregen uit het gewicht en de via allometrische vergelijkingen geschatte 
hoeveelheden vet, darminhoud en eiwit (tabel 3.3). Voor het berekenen van 
ALE werd gekozen voor een lineaire verandering van de darminhoud in relatie 
tot het gewicht. 
De variatie in de berekende eiwit- en vetaanzet als ook de relatie tussen deze 
beide kenmerken en de groei, het voederverbruik en de slachtkwaliteit werd on-
derzocht bij beperkt en ad libitum gevoerde varkens. Het materiaal van de be-
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perkt gevoerde varkens bestond uit 356 beren, 540 borgen en 770 gelten van het 
NL- en GY-ras (tabel 4.2). Het materiaal van de ad libitum gevoerde varkens 
bestond uit 29 nakomelingen groepen (4 tot 9 NL-gelten per groep) van beren 
(tabel 4.4). De beperkt gevoerde varkens werden gerantsoeneerd naar gewicht 
(tabel 4.1) en ze werden individueel gevoerd over het traject van 25 tot 100 kg. 
De onbeperkt gevoerde varkens kregen voer van dezelfde samenstelling als de 
beperkt gevoerde, en ze werden - beginnende op ongeveer 9 weken - gedurende 
4 maanden of 6 maanden gemest. De verdeling van de varkens over de 2 behan-
delingen geschiedde volgens toeval, binnen tomen en binnen hokken. Het ge-
wicht op elke proefdag werd per varken bepaald door een derdemachtscurve te 
berekenen uit de wekelijks of elke 14 dagen vastgestelde gewichten. De voerop-
name per dag werd berekend uit de totale opnamen per week of per 14 dagen. 
Voor de beperkt gevoerde varkens werd verondersteld dat het geadviseerde 
voerschema was gevolgd, öf dat er procentueel van was afgeweken. Voor de ad 
libitum gevoerde varkens werd via het berekenen van 'deel parabolen' over het 
proeftraject de voeropname per dag berekend. 
Het verloop van de eiwit- en vetaanzet in relatie tot het gewicht kwam voor 
de beperkt gevoerde beren, borgen en gelten in grote lijnen overeen met datgene 
wat hierover in de literatuur bekend is (figuur 4.1). De eiwitaanzet was bij de 
borgen en gelten van het NL-ras vanaf 40-50 kg en bij NL-beren gedurende het 
gehele gewichtstraject significant lager dan bij het GY-ras. Het verschil tussen 
beren en gelten bedroeg aan het einde van de testperiode ongeveer +40 g eiwit-
aanzet per dag. Tussen de gelten en borgen was het verschil op dat moment 
+7 g bij het NL-ras en +16 g bij het GY-ras. De gemiddelde verschillen over 
de hele toetsperiode tussen rassen en tussen geslachten zijn weergegeven in tabel 
4.9. De eiwitaanzet per dag was bij de GY-varkens 7,53 g hoger dan bij de NL-
dieren, ende vetaanzet was 4,90 g lager. Uit de literatuur waren geen verschillen 
in eiwit- en vetaanzet bekend tussen de witte rassen. De verschillen tussen de 
geslachten waren geringer, dan de literatuurgegevens hierover aangegeven. Als 
mogelijke oorzaak voor een onderschatting van de geslachtsverschillen werd 
genoemd, dat varkens die meer eiwit aanzetten een hogere onderhoudsbehoefte 
hebben. Bij de ad libitum gevoerde varkens was de gemiddelde eiwitaanzet on-
geveer 25% lager dan die bij de beperkt gevoerde, en de vetaanzet ongeveer 
25% hoger (tabel 4.8 en 4.11). Als mogelijke oorzaken voor het verschil in ei-
witaanzet zijn genoemd het morsen van voer uit de droogvoerbakken, het ver-
schil in activiteit tussen beperkt (en individueel) en ad libitum (en in groepen) 
gevoerde varkens en de mogelijke invloed van het voerniveau op de LBM/eiwit. 
De variatiecoëfficiënt voor de berekende eiwitaanzet was 1,6 keer hoger dan 
die voor groei en voederverbruik en de variatiecoëfficiënt voor de vetaanzet was 
ongeveer 30% lager (tabel 4.16). De waarden, die voor de erfelijkheidsgraad 
voor de eiwit- en vetaanzet werden gevonden, waren 0,176 en 0,080. Voor groei, 
voederverbruik en spekdikte werden daarentegen waarden gevonden van: 
0,249, 0,231 en 0,545. 
De waarden van de correlatiecoëfficiënten tussen eiwitaanzet en groei per dag 
waren bij de beperkt gevoerde varkens vrijwel gelijk aan +1 . Het is beargumen-
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teerd dat deze waarden bij voeren naar gewicht ook mochten worden verwacht. 
Bij de peper kt gevoerde varkens stemden de waarden van de correlatiecoëffi-
ciënten tussen groei en voederverbruik, en slachtkwaliteit vrijwel overeen met 
die tussen eiwit- en vetaanzet, en slachtkwaliteit (tabel 4.12 en 4.13). De waar-
den van de correlatiecoëfficiënten tussen eiwitaanzet, vetaanzet, groei en voeder-
verbruik waren bij de ad libitum gevoerde varkens significant lager dan bij de 
beperkt naar gewicht gevoerde varkens (tabel 4.15). De waarde van de correla-
tiecoëfficiënt tussen groei en eiwitaanzet bij de ad libitum gevoerde varkens was 
in overeenstemming, met die welke uit literatuurgegevens werd berekend (tabel 
4.17). De waarde van de correlatiecoëfficiënt tussen vleeshoeveelheid en eiwit-
aanzet bij de ad libitum gevoerde varkens (0,743) en die tussen vetaanzet en 
rugspekdikte (0,796) waren significant hoger dan die bij de beperkt gevoerde 
varkens. Bij de interpretatie van de resultaten moet echter terdege rekening 
worden gehouden met het feit, dat het hier slechts 29 groepen varkens betrof. 
Om een goed inzicht te krijgen in de variatie van de eiwit- en vetaanzet en de 
relaties van deze kenmerken met groei, voederverbruik en slachtkwaliteit zijn 
meer gegevens nodig over energie- en N-balansen van individueel en bij een va-
riabel voerniveau gemeste varkens. 
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